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SECTION I11

SINGLE CARRIAGE AIRLOAl PREDICTION

The technique for predicting single carriage six-component

captive airloads is presented in this section. Each of the six airload

components are presented in separate subSeQdIons. Each airload com-

ponent subsection is ordered into additional subsections for predicting

the basic captive airload, the incremental airload due to aircraft yaw,

and the incremental airload due to adjacent store interference. The

basic captive airload prediction method is generated from wind tunnel

data obtained by a zero-yaw pitch excursion of the parent aircraft.

The aircraft yaw airloads data are generated by a pitch excursion of

the parent aircraft at selected constant yaw angles. The incremental

airloads due to aircraft yaw are obtained from the difference between

the yawed pitch polar and the zero-yaw pitch polar (basic captive air-

load). The incremental airloads due to adjacent store interference

were obtained as the difference between the airloads experienced by

the captive store with and without the presence of an adjacent store

through a zero-yaw r! ch excursion of the parent aircraft.

An anal f the experimental data indicated that \he store

capti:e airloads could be adequately described by a linear curve over

a large range of a -ie of attack. The technique presented in this

section predicts the slope and intercept at M=0.5 for each of the

store airload coml .!nts. The effects of Mach number, aircraft yaw,

and adjacent store interference are treated as increments to be 4.tiud

to the slope and intercept predicted at M=0.5. Each airload component

is computed in terms of force or moment per unit q (dynamic pressure),

and coefficients are defined by dividing the force terms by the

store reference area, SREF, and the moment terms by the product

of the store reference area and diameter, SREFd. , I.
To obtain the total airload experienced by a captive store,.

use the generalized coefficient equation presented below.

C =C + AC a + AC
'BASIC -

TOTAL INTF
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where:

x = y, TI, N, M, AL

3.1 SIDE FORCE

3.1.1 Basic Airload

3.1.1.1 Slope Prediction

The equation for predicting the variation of side force with

angle of attack for Mach number 0.5 is presented below.

C (Er K KINTF KLIC KZA
% q PRED SF qISO TAI

where:

K0 (S) - Initial side force slope prediction, see Subsection
SF ISO 2.3.2.

K - Store spanwise position correction factor,

I TiFigure 13.

KINTF - Correction factor accounting for the interference

effect of the fuselage for high wing aircraft,

Figure 14.

K - Correction factor based on store length dividedLI c
by the local wing chord, Figure 15.

K - Correction factor accounting for pylon height

variation, Figure 16.

K - Aircraft wing sweep correction factor, sinA/sin 45°,

where A is quarter chord sweep of subject wing.

50



Example:

Compute lq)e for a 300-gallon tank on the A-7 center wing

pylon at M=0.5.

Required for Computation:

n = .418

z= 2.57
d

K

= 1.77
CLOCAL

• Z =23 in.

K^ sin 350 =.811

KC SF) (1.2o6)(.262)= .316 ft2
ISO

K = .96 - Figure 13

(ft 2
deg

PRED

51
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3.1.1.2 Slope Mach Number Correction

To compute the variation in side force slope, (a), between

0.5 and ' = 2.0, use the followini, vxp)iussion:

(SF) - SF) '(SF
q )a + !q)

M =x PRED M =x

where:

(S)qa - Side force slope predicted at MA = 0.5.

PRED

(S - Increment in side force slope at M = x.

M: x

A generalized curve depicting the side force slope variation

with Mach number is given by Figure 17.

q/ ldSF

.5 M M M M 3  M

0.5M 1 M2 M3

Mach Number

Figure 17. Side Force Slope - Generalized Mach Number
Variation

The elope variation with Mach number has been approximated

by a series of linear zegments with break points occurring at Mach

numbers defined by Mu, VA '2' M ,1 and Mi. The variation of the

Mach break points is presented in Figure 18 as a function of CLOCAL

i, M0 is the ,iaclh number where the slope initially deviates from

che nope predicted .6 = 0.. Equations have been developed to predict
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the delta (incremental) slope change from that predicted at M = 0.5

at each of the remaining Mach break points (M1, M2, etc.). These

equations are presented below.

Break 1 (M 1 ) :

A SFB 1 [K . (ADJ. FIN SPA) + K Is
([K) X SLOPE(A1J INTC 1REF

where: I1
K - Variation of AC with ADJ. FIN SPA,inaeg
SLOPE yaide

Figure 19.

ADJ. FIN SPA - Adjusted fin side projected area, in2, defined

in Subsection 2.3.1.

K - Value of AC when ADJ. FIN SPA = 0 deg'1NTO a0'dgI
Figure 20.

Td2 ft 2
SREF - Store reference area, -*-

Break 2 (2):
SF

A( 4 [KSLOP E 2K SLOPE (ADJ. NOSE SPA) + KINTc K INTc2ISRE F

2 2

where:

KSLOPE Slope correction factor based on spar:* I
n2 position, Figure 21.

1

K Variation of AC with ADJ. NOSE SPA, - e-
SLOPE 2  Y n degYe2

Figure 22.

ADJ. NOSE SPA - Adjusted nose side projected area, in2, defined

in Subsection 2.3.1.
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K INKc Intercept correction factor based on spanwise

2 position, Figure 23.

Kiic Value of AC when ADhL NOSE SPA 0,

Figure 2i4.

break 3 (M 3.

q(F = :SLOPE KSLOPE ~ P)+KINTC KINTC. REF
3 T3  3 3  -

where:

KLP Slope correction factor based on spanwise

3 position, Figure 25.

KSLP Variation of AC with AlY. FIN SPA,
3LOPEin 

deg

Figure 26.

ADJ. FIN SPA - Defined un~der Break 1.

K - Intercept correction factor based on spanwise

3 position , Figure 27.

KNT - Value of AC y when ADJ. FIN SPA deg'

Figure 28.

Break h(14~j

A(~y =[KSL10 E(1L~J. FIN SPA) + K I14TC IsREF

where:

KSLP Varittion of AC with ADJ. FIN SPA
SOEy in deg

Figure 29.( 58



ADJ. FIN SPA - Defined under Break 1.

1

INTC 4  - Value of AC when ADJ. FIN SPA = O 1

Figure 30.

To compute SF) at M = x, first determine from Figure 18

between which Mach number break points , x occurs. Let MLO F be the

lower Mach break and MHI be the higher Mach break. Compute

at M = x from the expression below.

( q) (Eq+a(RED + + ( XM1LOW) ['(SF)
M = x LOW HI

LOW

If x ( Mot SF) will be the value obtained in Subsection

M=x
3.1.1.1 (the initial term in the above equation).

Example:

Compute t'- side force variation with angle of attack for a 300-

gallon tank on t! ( center pylon for M = 1.4.

CLOCAL = 127.6 in.

=sin 350 = .11SA 1  sin45

n =.l[

ADJ. NOSE SPA = 3111 in' (Subdection 2.3.1)

ADJ. FIN SPA = 990 in2 (Subsection 2.3.1)

SREF = 3.3 ft

OLOCALK = (127.6)(.811) = 103.5 in.

From Figure 18, M = 1.4 falls between M2 and M3. Let MO =

M2  1.2, and MHI M 3  1.6.

59



Break 2 (M ):

KSLOP E  .6 - Figure 21n2

KSLOPE2 = -.000005 - Figure 22

K INTC = 56 - Figure 23
n2

K 01.5 - Figure 23
~INTC2KINTC .015 -Figure 2h

IftO
2

A (SF\) , [ ( .6 4 ) .( , 000 0 0 5 ) (31 1 1 ) + ( 56 )( .0 1 5 )13 .8 3 - . 0 6 d e
\ /2

Break 3(M3)"

3
SK SLOPE = .58 - Figure 25

K = -.oooo66 '-Figure 26

In .22 - Figure 27
rq3

KiNTC 055 - Figure 28

A S F ' f t 2

S[(.58)(-.000066)(990) + (.22)(.055)13.83 = -.098 de

3

ct deg
P'RE D

60



then:

R q a= .30b - .oo6o0 .+ ( :L. :)[-.098 - (-.0060)]

deg

6.1

7-7I
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3.1.1.3 Intercept Prediction

The side force intercept, (§F) , at M = 0.5 is predicted
a=O

from the following relationship.

SF [(KsLoPE AK +LPEITF+  )(ADJ.FIN SPA)

PRED LE

+ KINTC 1 + AKINTCINTF + AKINTCzLE ] KA1SREF

1

KSLPE - Basic variation of C with ADJ. FIN SPA, n,

1 Figure 31.

AKSLOPEINTF Incremental change in KSLOPE1 due to the inter-

ference effect of the fuselage for high wing

aircraft, I , Figure 32.

AK Slope£E- Incremental change in K SLOPE based on ,LE' n-Ts
LE Figure 33.

K-INTC Value of C ya=o when ADJ. FIN SPA = 0, Figure 34.

AK Incremental change in KINC 1 due to the inter-

ference effect of the fuselage for high wing

aircraft, Figure 35.

AK - Incremental change in K based on Z
LE Figure 36.

Example:

Compute the side force intercept, F) , for a 300-gallon

tank on the A-7 center pylon at M = 0.5.

69
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Nequired for Computation:

CLOCAL = 127.6 in.

K 811

y = 68.2 in.

d = 26.5 in.

=LE = 75.1 in.

ADJ. FIN SPA = 990 in 2 (Subsection 2.3.1).

SREF = 3.83 ft
2

KSLOE -.00073 - Figure 31

AKSLOPEINTF = 0 - Figure 32

AK E 0 - Figure 33

K = .25 - Figure 3h
INTC1

AK =0 - Figure 35
I'TCINTF

AK 0 - Figure 36
INTO

LE
Substituting:

9 0 = [(-.00073)(990) + .25](.811)(3.83) = -1.h6 ft2

PRED
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3.1.1.4 Intercept Mach Number Correction

The procedure for calculating the Mach number correction for

side force intercept is the same as that presented in Subsection 3.1.1.2

for the side force slope Mach number correction.

The side force intercept variation with Mach number has been

approximated by a series of lii.ear segments with break points occurring

at Mach numbers defined by M0, M1 , M2 , and M3 as in Figure 37.

I , I

0.5 M0  M1  M2  M3

Mach Number

Figure 37. Side Force Intercept - Generalized Mach
Number Variation

The variation of the Mach break points is presented in

Figure 38 as a function of CLOCAKAI M0 is the Mach number where the

intercept initially deviates from the intercept predicted at M = 0.5.

Equations have been developed to predict the delta (incremental) inter-

cept change from that predicted at M = 0.5 at each of the remaining

Mach break points (M1, M2 9 M3 ). These equations are presented below.

Break 1 (M):

A( qm=01 [KsLoPE (ADJ.FIN SPA) + KI c1]KASREF

where:

K-SLOPE Variation of AC with ADJ.FIN SPA, in-,

Figure 39.

I

? i_ . ... .. .. . . . .3



ADJ.FIN SPA - Adjusted fin side projected area, in2 defined

in Subsection 2.3.1.

K -Value of AC when ADJ.FIN SPA = 0,
INTC1  YCC=

11
Figure 40.

d2

S - Store reference area,-w , ft2
REF ae,~- t

Break 2 (14):
2

A(S) [(KsLoPE + AsLoPE )(ADJ.FIN SPA) + KINTC

( qcc 0 SLPE2 SOEIINTF IT+A

+ AKC INTF] KA SREF

where: 1
K - Variation of AC with ADJ.FIN SPA, --u,
SLOPE2  Figure hi. a 2

AKSLOPE iNTF - Incremental change in K SLOPE2 due to the inter-

ference effect of the fuselage for high wing air-

craft, "' Figure h2.

K - Value of AC when ADJ.FIN SPA = 0, Figureh3.
INrC 2  Ya0O2

AKINTC II F  Incremental change in K INTC2 due to the inter-

ference effect of the fuselage for high wing

aircraft, Figure 44.

Break 3 (1):j

A( -a=O [tKsLoPE (ADJ.FIN SPA) + KIT I]Kt SREF

(!q 3 SOE3 IC3 1RE

74~
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where:
KSLJOPE3 1- Variation of AC with ADJ.FIN SPA, 1 Figure 45.

Ya=03 in

K INTC 3  - Value of ACya=0 3 when ADJ.FIN SPA = 0, Figure 46.

To compute = at M = x, first determine from Figure 38

between which Mach number break points M = x occurs. Let MLO W be the

lower Mach break and M III be the higher Mach break. Compute

q a=O at M = x from the expression below.

x 14LO(F) + a=O + (4 MLOWa--O q q IIHI-"ow",. AF W ) \(q-. a=O

M=x PRED LOW HI

\q -I LOW

If x < M0 , (q)a=O will be the value obtained in SubsectionM=x
3.1.1.3 (the initial term in the above equation, (S2) =O

PRED

A numerical example is included in Subsection 3.1.1.2 that

illustrates the application of the above equation.
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3.1.2 Increment - Aircraft Yaw

The store incremental side force due to aircraft yaw is

obtained from the difference between the yawed pitch polar and the

zero-yaw pitch polar data, as outlined in Section III. The incre-

mental side force slope, in e A thus
q , and inecet q )aF

obtained are essentially linear with aircraft yaw angle; therefore,

the incremental slope and intercept equations are derived and

presented per degree of store yaw angle. The incremental airloads

due to aircraft yaw are referenced to the coordinate system presented

in Subsection 2.3.1.1.

To compute the incremental side force slope, A(I) a, the

following equation is used.

A SF = (SFa

where:

A (-F, - Incremental side force slope per degree S as

S obtained by the methods presented in the fol-

lowing sections.

as  - Store yaw angle, deg. Equal to +'A/C for right

wing store installations or -TA/C for left wing

store installations.

The equation for incremental side force intercept, A(F) is similar.

3.1.2.1 Slope Prediction

The equation to compute incremental side force slope per

degree as, A\-X , is given below.

S

SLOPEAK+ (AK
1% KSLOPE SLP 9. SLOPE~~

a S TqF LE/L L/

(ADJ. SPA)
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where:

K SLOPE - Variation of incremental side force slope per de-
lgree with AL-J.SPA, ft 2  F i

L12
-- - - Figure •

in-2 - deg 2

AKSLOPEINTF - Incremental change in KSLOPE due to interfer-

ence effect of the fuselage ior high wing
ft

aircraft, in f deg2-, Figure h8.

AK SLOPEiLL- Incremental change in KSLOPE1 as a function

LE/L of k.LEL presented versus Mach number,

ft
2  _

inz - deg7 , Figure 50.

K 9 L/ - Cor'rection factor based on store length

LE/L forward of the wing leading edge divided :
ii ~ by total store length, Figure 49.

I~ i ADJ. SPA - Total store adjusted side projected area,

in 2 , from Subsection 2.3.2.

Examle:ComuteA(--)c for a 300-gallon tank on the A-7 center

pylon at M = 0.5 and 8S=4.

~Required for Computation:

' 88 = 40

O'= .270
k'E/ = '330

ADJ. SPA = 6036.9 in 2 from Subsection 2.3.2.1

KSLCP X = 1 0- 1 Fi~we h7, +8 curve.
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AKSLOPEINT F  0.0 Figure 48,+S curve

K =0.0 -Figure 49
kLEAL

CAS = 4.8 x 10-6 - Figure 50,+B curve

SLOPE L/

substituting,

A( = (4.0 x i-6  + 0.0 + 0.0(4.8 x 1-1))6036.9
a ft 2S = .0o241 2

and using the equation from Subsection 3.1.2

=A(Sq) lf a a0 %s

SF = (.0241)4 = .0964 ft'
deg

I~~i~ 83~



-, i "" S ef T - " * - --

.. , I I., i.i K!J+ iftl ft i ft 'Ift -.,

*. ,. .~ I I

cnq

aa~

*.1 ' ft*, 'I

. .. , t it . /H : i i +

I P
* ft . 7 ': " i 1 - t ft I

.... . .. . .. . . "
-f. f ft '

," ',I "84

I I1f . Ii -

.. . . .. .. .. It ftft*'

: " :I ; ' " : f* " " . . . . .

H ;..f-

-I C fJ0

4 'f

'.1 ft

-. tfttft.. .. ..

.ft..- I-ftft

~ i11



',NOTE: Use linear interpolation where required.]

-(a ) 
-- -

7--1:

,-- -M = .5 -. 7, 1.2- %-- -. ,; :- :

. 9 47

"'-1--- 1 05= 1.6 - 20 : o:, ..

0 ....
' o .1 20-

ISLO PEsetin interpolao rerede

4

~1 4
-4 1. - 2. 0 :'-

.04 .08 20

Fiur 48 Inrmna idIoc lpeDeta

K SOPECorecton or useaeI nter.' f erence

I I 85



- - - - ? -

V ... i i .

.7 L. .. .. {..... -... .. ....

+_P ' . _, P4 U

r -- "T - .

.-. 4-Ci ____ - -' L , .I , -

0' 0' 0 0

2 I -o

":::L, > ! it L

.;Id

..... -7-T...
-.- --r " - " . .. : "

. .. .I D...

0 U)

_c_<o ___

.. 

. -... o.i

1 " I: :1 . - _ __1!.:. 1,, i ° q : !2

86

._7_i - ., .' '. .,il"z- .,., .- * - . .. .... , . .,. "



.! .. 2 Intercent Prediction

The equation for incremental side force intercept per

degree S ' A( q"=)o , is presented below.

A( = (ADJ.NOSE SPA) + K + AY,

wher ~:

K SLOPE- Variation of incremental side force
intercept per degree S with ADJ.NOCE

ft 2

SPA, in2. _ deg ., Figure 51.

ADJ.NOSE SPA - Store adjusted nose side projected area,

in2., from Subsection 2.3.2.

KINTC - Value of incremental side force intercept per

degree s when ADJ. NOSE 
SPA = 0,

S deg

Figure 52.

AK, - Incremental change in KINTC die t Int er-
I(hference effect of the fuselage for high

ft 2

wing aircraft, f- ,Figure 53.

ixamplp: Compute the value of A( LqoS 0 for a 300-gallon tank or the

A-7 center pylon at M = 0.5 and B.= -h°

Required for Computation:

e. = -40

- 0.5

= .270

ADJ.NOSE SPA 3109 in2 from Sub, c ti, n 2.;

• 87 IiM
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K = .7 x 10 - Figure 51,-8 curve

K .31 8 - Figure 52, s curve

AK INTCINTF= 0.0 - Figure 53,-B S curve

.2bstitutiiLg,

(11F)" = (.7 x 1o-)(319) + .318 + 0.0 = .3 -

"S

Lind substituting into the equation from Subsection 3.1.(,

A -q/a= A q =S (.339)(-It) -L.356 ft4

SI
1I

1.

1.

'-*
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3.1.3 Increment - Adjacent Store Interference

The prediction of incremental side force acting on a

subject store due to an interfering store has been developed

and presented for two major cases of interfering store location,

(1) inboard and (2) outboard of the subject store. When inter-

fering stores are located both inboard and outboard of the subject

store, the incremental side force is obtained by summing the

values calculated separately for the inboard and outboard cases.

In the prediction equations of the following sections,

several geometric relations between the subject store and the

interfering store are introduced. Figure 54 illustrates

these relations, while definitions of the terms are au follows:

d - Diameter of the subject store, ft.

dINTF - Effective diameter of the interfering store,

ft. For a single store the effective diameter

equals the physical diameter; for multiple

carriage stores the effective diameter equals V= T

where N is the number of stores exposed in thc.
front view (3 maximum) and d is the diwneter

of a single store.

X - Nose overlap distance, in. Distance from the

subject store nose to the interfering store

nose as measured along a line parallel tc the

subject store longitudinal axis, positive aft.

For MER carriage, XINTF is measured from the

nose of the forward store cluster.

YIT- T 3tore separation distance, in. Minimum latera±1

clearance between the subject store and the

interfering store as measu'cd in the plan ., w.
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XINTF

I "
YlINTF

Figure 514. Incremental Side Force Slope Due to Interference -

Pictorial Description of Geometric Relations
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3.1.3.1 Slope PredictioR

The equation to predict incremental side force slope

due to adjacent store interference, A -/F , is given by the following

expression. INTF

Sd) F(X TF + 2010

q r1 ' =KSLOPE d-y INTF

where:

K SLOPE Vriation of incremental side force slope with

dINF NF 2 0 0 ) ft2
ft) - , Figure 55.

dyINTF deg

d - Subject store diameter, ft.

d - Effective diameter of the interfering store,
INTF

ft. Defined in Subsection 3.3.3.

xIInF Nose overlap distance, in. Defined in

SubsectIon 3.1.3.

T - Lateral separation distance, in. Defined in

Subsection 3.1.3.

Example: Calculate A qS) fcr a 300-gallon tank or! the A-7

INTF
center pylon "with an MI17 on the inboard pylon and M 0.5.

Required for Computation:

d = 2.2 ft

dINF= 1.33 ft

XINTF = 54.09 in.

YlZ 'F = 14.7 in.

F P -.0075, Figure 55.

9I



Substituting,

(F) =-.0075 .35. +20

INiTF

p- -27
-08deg
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3.1.3.2 Intercept Prediction

The equation to predict incremental 
side force intercept,

is given below.

INTF

t42-)Ct=O KSLOpE1( dIx)NF)+ KIwC
q INTF dyINF

where:

K - Variation of incremental side force intercept

SLOPE1 dTxF

with dINTF INTF ft2 , Figure 56.
" IN-TF

INTF -Effective diameter of the interfering store,

ft , defined in Subsection 3.1.2.

d - Subject store diameter, ft.

XIF - Nose overlap distance, in., defined in Subsection 3.1.3.

{YlNTF - Store seperation distance, in., defined 
in

Subsection 3.1.3.

1 2  LOCAL 2

where:
K PE 2  Variation of K 1NC with L_. , ft 2 , Figure 57.
SLO2 C LOCAL

L - Subject store length, in.

CLOCAL - Local wing chord length at subject 
store location, in.

KINT0  - Value of KNC when L 0, ft
2 

, Figure 53.
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Example: Calculate A 2 for a 300-gallon tank on A-7 centerq aC=OlNTF
pylon vith an M1l7 on inboard pylon and M =0.5.

Required for Computation:

d = 2.2 ft

dINTF = 1.33 ft

xiNTF = 54.09 in.

YITF = 14.7 in.

L = 226 in.

LOCAL - 127.6 in.

K all13A1

K = .168 - Figure 56
SLOPE1

KSLOE2 =-.200 - Figure 57

KIIC =-.350 - Figure 58
IIT2

Substituting,
K -.200 (.) + (-.350)

" = -'.704

o .168 1. 354.o .704q 2.2(14.7)-
.330 ft2
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NOTE: Use linear interpolation where required.:
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I: NOTE: Use linear incroain where required.]
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- NOTE: Use linear interpolation where required
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3.2 YAWING MOMENT

Captive store yawing moment is referenced on the store longi-

tudinal axis at the store mid-lug (M.L.) point.

3.2.1 Basic Airload

3.2.1.1 Slope Prediction

The variation of yawing moment with angle of attack, M

at M = 0.5 can be predicted using the following relationship.

(~~K~ SF) KA + [KSLP (LC KA ) + KIT
Ohc C YM\ (q/ ISO A 1 [SLOPEI(CLOCALKA1 )  INTC 1 i

PRED 1
+ AKITC INTF ] KA SREFd

where:

K S YM ( q I - Initial yawing moment slope prediction, degCyM \ /@IS0deg-

See Subsection 2.3.3.

K SOPE - Variation of C with C in.deg.

K = -.0016 (constant).
SLOPE1

C LOCAL - Aircraft local wing chord, in.

sinA

KA - Aircraft wing sweep correction factor, s.

1

KIC 1  Value of C, when C 0, Figure59.
-T whe CLOcALK.AI de

K C f £ IN SPA)(aNOSE SPA)]
1 SREF d SPA

where:

FIN SPA - Store fin side projected area, in2, Subsection 2.2.2.
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LI

n - Store nose fineness ratio.d

NOSE SPA - Store nose side projected area, in , Subsection 2.2.2.

.2SPA - Total side projected area of the store, in

Subsection 2.2.2.

AKINTCIT - Increment in K due to the interference

effect of the fuselage for high wing aircraft,
1eg'Figure 60.

SREF - Store reference area, - ft 2

d - Store diameter (reference length), ft

Fxample: Calculate the variation of yawing moment with angle of

attack for a 300-gallon tank on the A-7 center pylon at M = 0.5.

Required for Computation:

FIN SPA = 4h7 in2tI
* SREF = 3.83 ft2

d =2.208 ft

L
n 3.74d

NOSE SPA = 1630 in2

SPA 5007 in
2

n' = .270

CLOCA = 127.6 in.

sin .8.1
KA = ,,. =sin 5°

103



K \ SF ( .8 8 9 )( .26 2 ) = .23 3 d eg

c Ym q-)Isodeg
F_'IN SPA N(_L _OSE '1630\ in 2

(IN S )('_2\NSE SPA) (7)(3 '7h) = 2
REF5007

K I .275, Figure 59INTC 
1

AK INCINTF = 0, Figure 60

Substituting:

= (.233)(.811) + [-.0016(127.6)(.811) + .275 + 0]

PRED '(.811)(3.83)(2.208) =.93 d-e

i
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3.2.1.2 Slope Mach Number Correction

To compute the variation in yawing moment slope, ()a

etwee~ "' ( 0.5 and .0 = 2, usv th, ! foil.owhii, cxpression.

(YI1) (YI)a + ALl

M x PRED M=x

where:

fl)Y - Yawing moment slope predicted at M = 0.5
PRED

A(-q)a - Increment in yawing moment slope at M=x.

M=x

The procedure for calculating the Mach number correction

for yawing moment slope is the came as that presented in Subsection 3.1.1.2

for the side force slope Mach number correction.

The yawing moment slope variation with Mach number has been

approximated by a series of linear segments with break points occurring

at Mach numbers defined by M0, MI , M2, M2 , and M4 as in Figure 61.

A(~

A() "3 a I-q )a

0.5 M0  M M M M

0. o1 2 34
Mach Number

Figure 61. Yawing Moment Slope - Generalized Mach Number
Variation

The variation of the Mach break points is presented in

Figure 62 as a function of C LOCALK . M0 is the Mach number where

i06



the slope initially deviates from the slope predicted at M = 0.5.

Equations have been developed to predict the delta (incremental)

slope change from that predicted at M = 0.5 at each of the remaining

Mach break points (Ml , M2, M3 , Mh). These equations are presented

below.

Break 1 (M): K SPA

SLOPE 1 ) + K 1 KA 1P REF

wher e: K SPAKSLOPE - Variation of YM 9with KC Y M  in.Pe
SLOPESRCEFCa 1  LE SREFI in.deg.

Figure 63.

KCy M  - Yawing moment correlation parameter, Subsection 2.3.3.

SPA - Store side projected area, in , Subsection 2.2.2.

PLE Distance that the store nose extends forward of

the aircraft wing leading edge as measured in

the wing plan view, in.

l d 2  
2j

S - Store reference area, - j-, ft2

REF

K A K CySPA

I -Valueof a when £LE REF 0, Figure 64.

II

sin A
K- Aircraft wing sweep correction factor, sin I '

where A is the wing quarter-chord sweep angle.

Break 2 (M2):2 KC  SPA

a2 = SLOPE 2zLESREF K1C] KASREF

1 I 107



where: K ySPAwhre: K Variation of A YM with Kft

SLOPE qS zLE SREF indeg.
Figure 65. a2

K ySPA

/YM\ K YM SAft
K INTC - Value of A -. when = 0, deg'I ,TCqSREF a2 LESREF 'de

Figure 
66.

Break 3 (M 3 ): • K~c SPA

A(Il)"3 ( SOPE 3 (kLE S RF) + KIjiTC A ISREF

where: K SPA
KOP3 Variation of A/ YM with CYM ft2

3 SREF)a 3  7LESREF in.deg.'

Figure 67.
KSPA

K e Value of AI YM when K O, ft

INT. aREF a3  LE REF
Figure 68.

Break Is (M 4) S
A AYM4 a4 [K )E yMSPA K

KSLOE 4( RLE SREF +K1 1 C0 4]A 1SE

where : K SPAKwLOP: - Variation of A with K  
ft 2

Figur 6 EFah zLESREF ' in.deg.'
! Figure 69.

K0  SPA
YM____ ft

ii r - Va l u f]o. .) e . . . = 0 f
REF LVu when , deg' Figure 70.

u4 oc LES'REF
: To compute a at , = x, first dutermine from Figure 62

between which Mach number break points M = x occurs. Let !' t OW be

the lower Mach break and M be the higher Mach break. ComputeHI
YM) at M = x from the expression below.

08



(X )L (Y14a + A(M +( -M ow )[ Th

M=x PRED LOW HI

M=O. 5

LOW

A numerical example is included in Subsection 3.1.1.2 that

illustrates the application of the above equation.
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3.2.1.3 Intercept Prediction

The value of yawing moment intercept, at M0.5 is

predicted from the following relationship.

(YM+\ q-ki= (KsLoPEI+ AKsLoPEIT ) £'LE + KINTOl + AKINTC INTF ]A
PRED 1 INTF 1 INTF

where:

K - Variation of (2i with P£M.LE , Figure 71.
SLOPE1  in.

AKSLOPEINTF - Incremental change in KSLOPE  due to the

interference effect of the fuselage for high-
rt. 3

wing aircraft, in.,, Figure 72.

£LE - Distance that the store nose extends forward

of the aircraft wing leading edge as measured

in the wing plan view, in.

K INO-Value of w14 hen ZLE 0' ft 3, Figure 73.
I

KI- incremental change in K due to the inter-
INTC INTF INTCference effect of the fuselage for high-wing

aircraft, ft s, Figure 7h.

KI Aircraft wing sweep correction factor,

sin A5O, where A.is the wing quarter-chord

sweep angle.

Example:

Compute the yawing moment intercept, () _qm =0 for
a 300-gallon tank on the A-7 center pylon at M=0.5.

Required for Computation:

CLOCAL= 127.6 in.
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KA sin 350
KA sin 450=.1

T) .27

k LE 7 5.1 in.

KSLP -. 011 - Figure 71

SLOPE =0-Fiue7]

AKT 0. Figure 732

AKT =0 -Figure 7h

substituting,

=MM,,. [(--011+0)(75-1)+1.1+01(-811) .22 ftI
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3.2.1.4 Intercept Mach Number Correction

The procedure for calculating the Mach number correction for

yawing moment intercept is the same as that presented in Subsection 3.1.1.2

for the side force slope Mach number correction.

The yawing moment intercept variation with Mach number has been
approximated by a series of linear segments with break points occuring

at Mach numbers defined by M0 , MIS M2' d M3 as in Figure 75.

(~~) ~ A(YXo 2 AM)o

a M

0.5 M0  M1  M2 M3

Mach Number

Figure 75. Yawing Moment Intercept - Generalizei ",tch
Number Variation

The variation of the Mach break points is presented in

Figure 76 as a function of CLOCpj KAl, M is the Mach number where

the intercept initially deviates from the intercept predicted at

M=0.5. Equations have been developed to predict the delta (incremental)

intercept change from that predicted at M=0.5 at each of the remaining

Mach break points (M1 , M2, M3 ). These equations are presented below.

Break 1 (XI).:

q I (KSLOPE 1 LE INTC KI RE

where:

KSLOPE - Variation ofA YM with f-, Figure 77.

tLE - Defined in Subsection 3.2.1.3.

YMKN I  Value of A when 9LE = O ft , Figure 78.
INTC LE

1 Vale f SREF a=01
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K - Defined in Subsection 3.2.1.3.

Trd 2

0REF - Store reference area, --- , ft2

Break 2 (M2 ):

A("')~~o  = (KSLOP + AKS Y. F + KZC
q( a= 2E 2 SLOPE INTF LE IN C

2
+ AKINTCINTF JKA1 REF

where: YM- ). ft..

K SLOPE2  - Variation of A ( M with kLE'
.= 2

Figure 79.

AKSLOPEI Incremental change in KSLOPE due to the inter-

ference effect of the fuselage for high wing

aircraft, n ' Figure 80.in

- Defined in Subsection 3.2.1.3.

-~ LE

K -AValue of A( when = 0, ftKIT2  -Vle o qREF a=02

IHTC2

Figure 81.

AKINT F - Incremental change in KINTC due to the inter-
INF

ference effect of the fuselage for high wing

aircraft, ft., Figure 82.

KA - Defined in Subsection 3.2.1.3.

- Defined under Break 3.

120
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Break 3 (M3):

A(2q)cO 3 K SLOPE 3 LB + NT'C3 ) KA 1S RE(Kso % K 31^IR

where:

KSLOPE 3- Variation in A )24 with £LE Figure 83.I =3
LE - Defined in Subsection 3.2.1.3.

K e Value of E(-- when k 0, ft ,Figure 84.
3 SREF a-03

K - Defined in Subsection 3.2.1.3.

SREF - Defined under Break 1.

TO compute(2q) =O at M-- x, first determine from Figure 76

between which Mach number break points M = x occurs. Let MLO w be

the lower Mach break and MHI be the higher Mach break. Compute

at M = x from the expression below.
(x=O

. HI-MLOW 21

M=x PRED LOW HI LOW HI
M=O. 5

LOW

A nuerical examp .e i q LIIC10(lded L1 SLIosvc L lou 3.1 .1.2 that

illustrates the application of the above equation.
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3.2.2 Increment - Aircraft Yaw

The discussion of incremental yawing moment caused by air-

craft yaw is analogous to the discussion of incremental side force

found in Subsection 3.1.2.

3.2.2.1 Slope Prediction

The equation for predicting the incremental yawing moment
slope per degree 8S, , at a Mach number of 0.5 is presented below.

Affi a EK (ZLEDI'OSE SPA

q (KSLOPE1 + A"SLOPE I )(F L

+ KINTC1 + AKINTC ISREF

where
KSLOPE - Variation of incremental C per degree 8S

0awt ALEJ.NOSE SPAwith 1
L in2 - de i  85.

L ASLOPEINTF - Incremental change in KSLOPE due to inter-

ference effect of the fuselage for high

wing aircraft, Figure
in. _ deg2  F

kiE AJ. NOSE SPA

L - Length of the store forward of the local wing

chord multiplied by the adjusted nose side

projected area and divided by the total store

length, in2.

ZLEDJ.NOSE SPA
K!NTC Value of AC when L

1 a

1S
Figure 87.
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AKINTCINF - Incremental change in KINTC due to

interference effect of the fuselage

for high wing aircraft, , Figure 38.

SREF - Store reference area, 4--, ft.

d - Store diameter, ft.

Example: Calculate A(M), for a 300-gallon tank on A-7 center pylon

at M = 0.5 and =+

Required for Computation:

SREF = 3.83 ft7

d = 2.2 ft

Tq' = .27

CLOCAL = 127.6 in.

I>I =.811

k LE = 75.1 in.

L = 226 in.

ADJ.NOSE SPA = 3109 in2 from Subsection 2

K = 1.5 x 10 - 6 Figure 85,+ 6scurve

,AKsPEINTF 0.0 Figure 86,+ 6S curve

KINTCI= -.0075 Figure 87,+ $ curve
1 S

AK ITC 0.0 Figure 88,+ a curve
INTF

Substituting,
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10Y + o)(71 ~)+ 09 (-.0075)
+o.o](8.43)

= -. 0762 E

anuI usugp the OnwlLioll from Subsect ion 3.2.2

A(Y = A(M)a 6

ft 3

- .0o62)(+4o) - .305 deg

1291
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A

3.2.2.2 Slope Mach Number Correction

To compute the incremental yawing moment slope per degree

as $ , between M = 0.5 and M = 2.0, use the equation below.

S

= +

where:

tA(-- - Incremental yawing moment slope per degree

\ sM=5 aS predicted at M = 0.5, from Subsection 3.2.2.1.

A2(YM) - Incremental change with Mach number of the
\q C SM= x incremental yawing moment slope per degree

aS at M = 0.5.

A generalized curve depicting the incremental yawing moment per degree

as variation with Mach number is given by Figure 89.

• : : A 2 ( Y M /

2( ) S2

0 Mach 1Number

Figure 89. Incremental Yawing Moment Slope Due to Yaw -

Generalized Mach Number Variation

The slope variation with Mach number has been fitted by

I straight line segments with breaks at MYzh numbers defined by Mo p

M and M 2. The Mach break points are presented in Figures 90 and 91 as a

132



function of C LOCALKA. M0 is the Mach number where the slope

initially changes from the value predicted at M = 0.5. Equations

predicting the incremental changes from the M - 0.5 value at each

of the remaining Mach break points follow.

Break 1 (Ml1): z , .NOSE SPA)

A2~ ~ ( q)a S SLOPE 1+ ' SLOPE Y-N--*T--*----L

+ KINTC 1 + AKININTNF ISREFd

where:

KSLOPE - Variation of incremental C per

ZLEDJ .NOSE SPA

degree BS with L"JNS S

in' - deg7 , Figure 92.

AKSLOPEINTF - Incremental change in KSLOPE due to

interference effect of the fuselage for1
high wing aircraft, ,

i'- deg1

Figure 93.

k LE NJ.NOSE SPA

LEA- Defined in Subsection 3.2.2.1
: L

ZLE ADd. NOSE SPA

K 1  -Value of 4C when L,
INTC1  L

s 1
1 Figure 94.

AK- Incremental change in K due to
~INTC~T INTO1

interference effect of the fuselage for

high wing aircraft, d-- g Figure 95.highT
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rrd
2

S REF  - Store reference area, -I--, ft2 .

d - Store diameter, ft.

Break 2 (M2 ): = ((K SLOPE + ASLOP TF

= (s~ 2 so +2)(A

+ K INTC 2 + AKINTCINTF 2sREFd

where:

K SLOPE- Variation of incremental C per

degree a~ with kLEADJ .NOSE SPA
S L

i _deg ,Figure 96.

A- Incremental change in KSLOPE due to
SLOPETF 2

2 interference effect of the fuselage for

high wing aircraft, 1 deg ,

Figure 97.

£LEADJ. NOSE SPA
- Defined in Subsection 3.2.2.1.

IL

£k__ADJ .NOSE SPA
K INC- Value of AC when- L O,

2s

1 2
e , Figure 98.

AKlCIT2 - Incremental change in KiTc due to

interference effect of the fuselage

for high wing aircraft, 3 , Figure 99.
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- Store reference area, - 2, ft2 .

d - Store diameter, ft.

To compute L(m S at M = x, first determine from Figures 90

and 91 between which Mach number break points M = x occurs. Let MLOW be

the lower Mach break and MHI be the higher Mach break. Compute

'&ff)a at M = C Crom the following relation.

x MLO

A (q) + + (MqHI M WS M=x S M= 5 SMo

value given at M = 1.6. \ q e S~

If x >.-, the value of is equal to the value
• if x < M O , the value of &(] is eqa oth au

aSM= x

at M = 0.5 from Subsection 3.2.2.1 (the initial term of the above

equation).

Example: Calculate the value of A(f for a 300-gallon tank on

the A-7 center pylon at M = 1.4 and S = +40,

Required for Computation:

SREF = 3.83 ft
2

d =2.2 ft
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= .27

CLOCAL = 127.6 in.

K A .811

k = 15.3. in.

LE

L = 226 in.

AD.NOSE SPA =3109in2  from Subsection 2.3.2

From Fittre 90 , M = 1.4 lies between M and M

Sc M = M = 1.15, and NI = '2 = 1.6.y4OW 1

Break 1 (MI1

K x-. . 106 - Figux 92, +8. curve
SLOPE

AKSLOPE O.C - FigLre 13, +BS curve
1

K = .0088 - Figure A4, +, curve
INTC1

LKINTCINTF = 0.0 - Figure 95, +BS curve.

(L5 x 106 +(751)(10)q a226 i

s + o.o](8.3)

A lft
- o6i J

Break 2 (M2):

KSLOPE = 8.8 x 10- - Figure 96, +6 curve
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::1

oPEINF = 0.0 - Figure 97, Ina ourve

INF2

K~T - 0110 -Figure 98, +B curveKINTC 2

AK INTC INLF 2 =0.0 -Figure 99, +RS curve

A2 (8.8 10 -  + o.o)(1033) + (-.Oll) + 0.o1(8.h3)

S2 - d deg;

then:

= =-o'62 + .0611. + , 15,[_ -  - .0611
.4 = 't 3

= -. 0580 er

and UStIg L..e equation from Sub,'tion 3.2.2.

Lo'( ~ a =m=l. 4 cas
m -1. 4 3

~ft
. (-.058) (14) = -. 232 eg
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3.2.2.3 Intercept Prediction

The equation for predicting the incremental yawing moment
intercept per degree 8S  =B

intrcet pr dgre BS1 4M aO 9at Mach number = 0.5 follows:

where:

KLOI - aito fincremental ~ = e

in2  dg 'Figure 100.

sLoPEiTF - Incremental change in KSLOPE due to

! interference effect of the fuselage
1for high wing aircraft, in' deg

Figure 101.

£LEAeJ.NOSE SPA

- - Defined in Subsection 3.2.2.1.L

KINC - Value of A~ e =Q when L SPA..

O, deg , Figure 102.

AKSLOPCNTF - Incremental change in KLOTC due to

interference effect of the fuselage

forhigh wing aircraft, de i igu 0

ldeg

Fiue11 .

k E A J N O E P D f i e d i n S u s c t o n 3 ..2 1



-- Store reference area, - -, 2ft .

d - Store diameter, ft.

A numerical example illustrating the use of the preceding

equation is contained in Subsection 3.2.2.1.

kJ
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3.22.4 Intercep Mach Number Correction

The procedure for calculating the Mach number correction

for incremental yawing moment intercept per degree 8S is the same

as that presented in Subsection 3.2.2.2 for incremental yawing moment

slope per degree ftS Mach number corre,.tion.

The incremental yawing moment intercept variation with

Mach number has been approximated by a series of linear segments

with breaks occurring at Mach numbers defined by M0 , M1 , and M2

as in Figure 104.

0.5 M M1 2

Mach Number

Figure 104, Incremental Yawing Moment Intercept Due to Yaw 
Generalized Mach Number Variation

The variation of the Mach break points is presented in Figures

105 and 106 as a function of C K M is the Mach number where

the intercept initially deviates from the incremental intercept value
predicted at M-0.5. Equations predicting the incremental changes

from the M = 0.5 value at each of the rqmaining Mach break points

follow.

Break 1. (Ml): ADJ.NOSE SPA

q [(KsLopE + SLOPEm '- L )
+ K e1 INTF1

1148



where:
KSLOPE1  

S Variation of incremental C u=OI per degree

k LE ADJ. NOSE SPA 1,S with -L in - deg

Figure 107.

AKSLOPE INTF - Incremental change in K SLOPE due to

interference effect of the fuselage

for high wing aircraft, 
1

Figure 
108.

2LEADJ.NOSE SPA
____ _ L- Defined in Subsection 3.2.2.1.oL

k-LEADJ •NOSE SPAK- Value of AC when 'Li L

s~1
0, 1 , Figure 109o

AICI- Incremental change in K due to7LINTC INTF INTC 11 interference effect of the fuselage

for high wiug aircraft, -, Figure 110.j

S-REF  Store reference area,-!, ft2.

d Store diameter, ft.

Break 2 (M2):

(Ia0 E(KSLOPE + LKSLOPE ( L SAq, 
.

2 
oTF 2

22
+ K.TC + AKNo ) JSRE.d -

2 INT I TF2

I l'49
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where:

KSLOPE - Variation of incremental C n=0 per degree

LADJ.NOSE SPA 1

S with L in' - deg

Figure 111.

AKSLOPEINTF2 - Incremental change in KSLOPE2 due to

interference effect of the fuselage1
for high wing aircraft, 1

Figure 112.

kEADJ.NOSE SPA

L - Defined in Subsection 3.2.2.1.

KLEAJ .NOSE SPA
KINTC - Value of AC whenL

0, de ' Figure 113.
deg

& KINTCINTF - Incremental chlange in K!NTC 2 due to

2 interference effect of the fuselage

for high wing aircraft, -Sdeg

Figure 114.

SREF - Store reference area, -- , ft2 .

d- Store diameter, ft.

To compute at M = x, first determine from Figure

105 or 106 between which Mach number break points M - x occurs. Let

M1LOW be the lower Mach break point and MHI be the higher break point.

150
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Compute A 'M a=O, S tt M x f'rom the fol]owing relation.

7 as

q a X ML .5 
aSo

w

i- ~)~ ow8 J'Y:%
SMLow

If x > M = 1.6, the value of A(f ) 0  is equal to the

value at M = 1.6. SM=x

If X < MO , the value ofA is equal to the1q

value at M = 0.5 from Subsection 3.2.2.3 (the initial term of the above

equation).

A numerical example illustrating the use of the preceding

equation is contained in Subsection 3.2.2.2.

I

I,
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3.2.3 Increment - Adjacent Store Interference

The disciussion of incremental yawing moment due to

adjacent store interference is analogous to that of side force

found in Subsection 3.1.3.

3.2.3.1 Slope Prediction

The equation for predicting the incremental yawing

moment slope is given below.

74 K) . dIXTF (XINTF + 200)

where: d IF(x + 200)
NTFTF

whr: KSLOPE, - Variation of AC with dIN yL" F ( e
n

Figure 115.

d INT Efffective diameter of the interfering store,

ft.,defined in Subsection 3.1.3.

XIN? - Nose o~verlap distance, in., defined in SubsectionI 3.1,3.

d - Subject store diameter, ft.

YINTF - .ore separation distance, in., defined in

Subsection 3.1.3.

7Td 2

SREF - Subject store referer.ne area, 7- , ft2

A numerical exeple illustrating the use of the above equation is

found in Subsection 3.1.3.1.

158



I I 
!'

........ " . "" ...L.-...

.. . . ... .. ...... .. .
I.,,

,, ,.4

H 0

____ __ __t.. _i _' _ _ -

11)

-.. ...........

ITT

159

.7(7



3.2.3.2 Intercept Prediction

The equation to predict incremental yawing moment

intercept, A(--).=O , for M = 0.5 is given below.

£NTF
= (K + KLE)d INTF (200-k E)K -

c, SSLOE 0 SF wit )N 20d
INTF 1 f INTF1

where:
d (200-kizJ

KSLOPE -Variation of AC *~ S EFwith d-y INFft 2, Figure 116.

AKSLOPET- Incremental change in AC SRE F with spanwise

store location, ft2 , Figure 117.

d INTF - Effective diameter of the interfering store, ft

defined in Subsection 3.1.3.

d- Subject store diameter, ft.

Y LE - Distance from subject store nose to local wing

leading edge as measured in the wing plan view,

in.

YINTF -Store separation distance, in., defined in Subs-ection

3.1.3.

KSin A
KA Sin A5 Aircraft wing sweep co'rection factor where

A is equal to the quarter-chord sweep angle of the

subject wing.

Example: Calculate A for a 300-gallon tank on A-7 center\ q =INTF
pylon with MIl7 on inboard pylon at M=0.5.

Required for Computation:

d= 2.2 ft

160



dINTF =1.33 ft

YINTF = 14.7 in.

kLE = 75.1 in.

KA =.811

CLOCAL 127.6 in.

KSLOPEI .08 - Figure 116

AKSLOPE = .09- Figure 117
n

substituting,

= (.08 + .09)("3 2o0- 5.1))(2.2)(.811'\q/o= ' 2.2(14.7)
INTF

= 1.557 ft3
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3.2.3.3 TV. ',ercept Mach Number Correction

The equation for predicting the incremental yawing moment

intercept, A _,~ ^, between M = 0.5 and M = 2.0 is given by the

following equation: 
TF

A(.=)o0  +

q INTFT qI=

where:

AY ).-=0  - Incremental yawing moment intercept value

INTFM.0.5 at M=0.5.

A2(2-)a=0 - Incremental change with Mach number from
INTFMUx the incremental yawing moment intercept

value at M=0.5.

A generalized curve depicting the incremental yawing

moment intercept variation with Mach number is given by Figure 18.

A22

0.5 M0  M1  M2

Mach Number

Figure 118. Incremental Yawing Moment Intercept Due to Interference -

Generalized Mach Number Variation

The incremental intercept variation with Mach number has

been approximated by a series of linear segments with break points

at Mach numbers defined by M0, M1 and M2. The variation of the Mach
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break points is presented in Figures 119 and 120 as a function of CLOCAL

K A 1. 0 is the Mach number where the incremental intercept initially

deviates from the value predicted at 14=0.5. Equations have been

developed to predict the incremental changes from that predicted

at M = 0.5 at each of the remaining Mach break points. These

equations are presented below.

Break 1 (M):

A; [K j(dTQFx INF~ K S K , dqSLOPE d )+KNTC REF A

where:x .N S SP

KSLOPE = KSLOPE2( E KINTO2

and additionally,

KSLOPE - Variation of KSLOPEI with

z LEADJ. NOSE SPA
.L , i , Figure 121.

L i
9£LE J. NOSE SPA

t L - Defined in Subsection 3.2.2.1, in2 .
L

K INTOC2  - Value of K SLOPE when

£LEADJ NOSE SPAx LEA = 0, 1i 'Figure 122.
L in.

'dI I - Defined in Subsection 3.1.3, in.

d

(! LEADJ. HOSE S A +

KINTCO KSLOE3 - L -- SP)+ KINTC 3

16h
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and additionally,

KSLOP'3 - Variation of KINTC with

xLEADJ.NOSE SPA
L ' * 1ligure 123.

LAU ________ 2
L Defined in Subsection 32.2.1, in

KINTC - Value of KINTC when
1

L.. =0, Figure 124.

SRE Store reference area, - -,' ft2 .

d -Store diameter, ft.

KA i Sr , Aircraft wing sweep correction factor, where

k equals the quarter-chord sweep angle of the

subject wing.

} Break 2 (M2 )

KSLOPE KSLOPE( dKINTCA

and additionally,
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S' ADJ.NOSE SPA
KSLOPT5 Variation of KSLOPE 4 with - L

1in-r-, Figure 125.

S£LEADJ. NOSE SPA
KINTC5  Value of KSLOPE when L =0,

1
in. , Figure 126.

= ,L9ADJ.NOSE SPA

KNTCK4 SLOPE 6 L KINTC6

and additionally,

SLEADJ.NOSE SPA
KSLOPE6 Variation of KINTC4 with L

in-- Figure 127.

J Y.,_AIM.NOSE SPA
K MC 6  Value of K INTC when L 0,

Figure 128.

To compute Ak )cti at M =x , first determine from Figure 119

r 120 between which Mach nwnber break points M = x occurs. Let MLOw be

the lower Mach break and MHI be the higher Mach break. Then,

compute A (I-) ^ at M = x from the following expression.

q g+M Z O + X,--MO
INTFM.QS .5T. MO MO

1664 *-4 3
A2 t2

M ao2cm

q (],C



Ifx> 1.6, then AI()0a at M = x is equal to the value

obtained at M = 1.6. INTF

If x a M 01 then A ^ at M = x is equal to the value
\q=INTF

obtained at M = 0.5 from Subsection 3.2.3.2 (the initial term of the

above equation).

A numerical example illustrating the use of the above

equation is found in Subsection 3.2.2.2.
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3.3 NORMAL FORCE

3.3.1 Basic Airload

The normal force acting on an installed store is influenced to a

large extent by a wing/store interaction not present in the lateral plane.

This effect, which creates an up-load on the store body at low wing inci-

dences, diminishes with angle of attack. A thorough discussion of this

buoyancy effect is included in Refer:,.,.

3.3.1.1 Slone Prediction

The variation of captive store normal force with angle of attack

is defined by the following relationship.

K K ~NF)c f a=\A Ko(/) I)c

PRED ISO BUOY

where:

(lK )CC F + KsLP VAR~
BUOY 1

and:
and : K T K KC:: -') AREA

IS
(ADJ. PPA-(1-K)(ADJ. PPA FWD. OF WING))

AREA =d

The parameters in the above equations are defined below.
= os A

2 cos 75 °  Aircraft wing sweep correction factor,

where A is the sweep angle of the quarter-

chord.

K - Initial normal force slope prediction,
q t2

ISO deg' cubsectic-n 2. .

S(N.)l ft'

KINTC - at VAR1  0, - g., Figure 1.30.
BUOY

17) *I\5



KSChange Chan-e)a with respect to VAR1 ,
KSLOPE! q hu.eI N

BUOY

BUOY , 1 , Figure 129.
VAR 1  in.-deg.

KINTF - Interference correction factor based on

the distance from the edge of the store

to the aircraft fuselage (' = Ly) for
Y

high wing aircraf't, Figure 132.

KLC - Correction factor based on the ratio of

store length to local chord, Figure 131.

K - Interference correction factor based on

minimum clearance ditarce (LI.iLT) between

the in ,alled .:tore ind tit n!et f,-,r air-
i ~~:raf't *,7;th side net' Figure [

ADJ. PPA - Adjusted plan projected area, in.2 , see

:,,Als-otion 2.3.2.

AJD. PPA FWD. - That part of the adjusted plan projected

OF WING area forward of the wing leading edge,

in.2, see Subsection 2. ..

d- Store diameter, in.

Examp(e:

Compute -.F for a 300-gallon tank on the A-7 center wing pylon.

Required for Computatiun:

CL 127.6 in.
LVJAL



cos 350
KA2 = = 1.158

LCLOCAL = 1.77
ADJ. PPA = 13,618. in 2

ADJ. PPA Fwd. of Wing a 9897. in 2

d = 26.5 in.

ni' = ' = .270

K =F .714 Subsection 2.3.2
ISO

KN .148 deg - Figure 130

K .114 deg

K oo4 1 n-4 - Figure 129

SLOPE in.-deg.

KINT = 1.0 - Figure 132

KL/c 1.28 - Figure 131

K " N.A.
z

' (!-/)N (1.158)(.714) - [(.148) +q )a13618-9897)]
: PRED (.00h3) (1.158)2(i.0) (1.28) (.714) ( 26.5

-.061 -.o 2
q a deg

PRED

1 176
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3.3.1.2 Slope Mach Number Correction

To compute the slope of captive store normal force as a

function of angle of attack at a Mach number between M = 0.5 and

M = 2.0, use t:h folLowing equaLion.

14=x FRED M'x

where:

\ q Gt RSRE_ KM h2CN "

MUx M

We define the generalized curve of the variation of C with Mach

number as having the shape given in Figure 137.
A2CN M  CNc CNu f (K MKA2 ADJ. PPA, am acc2LOCAL,

see Figure 136. 
wO7 I00

where:

MI - Mach Index, defined as the difference between the actual

Mach number and the Mach number where (NF) deviates

from the subsonic M=0.5 value (MI=O), Fi.gue 134.

KM  - Curve shape factor based on Mach Index, Figure 137.

S d2  2

SREF - Store reference area, , ft

4, - Spanwise correction factor based on n, Figure 135.
* M

Example:

Compute (RX at N-1.2 for a 300-gallon tank on the A-7 center

wing pylon.

Required for Computation:

n = .418
CLOCAL 127.6 in.
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cos 30 °=A cos 4o5 ..5K2

ADJ. PPA - 13,618 in 2
SREF =3.83 ft 2

AFIN = h deg

• -.061 2 - Subsection 3.3.1.2
deg

PRED

MMI-.O 8 - Figure 13h

MI = 1.2 - .8 ..4

KM - .92 - Figure 137

KnM a .88 - Figure 135

K KA2ADJ.PPA1 - 109 in.

A2 CN a .057 - Figure 136

( q * -.061 + (3.83)(.92)(.057)

Mal.2

a a .39 fdeg
1M1.2

1-k ~183
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3.3.1.3 Intercept Prediction

The value of captive store normal force at a - 0 is calculated

using the following equation.

q 1~ PRKISLOP~E A LE K A2
KX/c 4K INTCX/c)

where

KINTC1  - Value of ( NF anO at £LE-0, Figure 138.

K SLOPE - Variation of (qS ) with respect to LE'
1L(PE1  qS anO

( 
)a.0S= -.0109 in.

zLE - Distance from the nose of the installed store to

the wing leading edge measured in the wing plan view, in.

AK INTC - Intercept correction based on pylon height, Figure 139.

INI

Kx/c  - Intercept correction factor based on x/CML for the
installed store, Figure 140.

AK INTC - Intercept correction based on the installed store
ITc1  7r d2

cross sectional area, -i-, Figure 141.

Example:

Calculate (! -0 for a 300-gallon tank on the A-7 center wing pylon.

Required for Computation:

CL = 127.6 in.C OCAL 'I~Z= 23 in. i

188 $1
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()L- .16

Tc

SREF " 3.83 ft 2

KA2  1.158

£LE =75.1 in.

K INTC 1.18 - Figure 138.

1

KSLoPE1 -'01.OLO n

AKINTCZ 0 -Figure 139

Kx/c =0 -Figure l4O

K 1.12- Figure 141
'c/c

( - o "3.83 (1.18+(-.0109)(1.158)(75.1) + (1.--8) (0) (1.12))

= .888 ft 2
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3.3.1.4 Intercept Mach Number Correction

To compute the value of captive normal force at C-O between

H = 0.5 and M = 2.0, use the following equation.

(T - (i'qJ)a + 4M "
MUx PRED MUx

where: K
/NF' *a0 REF KSLOPEl MII/d

MI - Mach Index, defined as the difference between

the actual Mach number and the product

of KM and the Mach number where ( uO

deviates from the subsonic M-0.5 value

(MI-O), Figure 134.

K% -Spanwise correction factor to the Mach

number at MI=0, Figure 145.

KSLOPE - Variation of A(M---I with respect to MI,

, I f(S REV KA2, CFIN, AD"' NOSE PPA7

ADJ. FIN PPA), ft 2, Figure 142.

KLn/d - Slope correction factor based on the

ratio of store nose length to store

diameter, Fig-are 143.

__FIN ~ Fin area correction factor based on the

ratio of y/Y, Figure 144.

ADJ. NOSE PPA - Adjusted nose plan projected area, in 2

see Subsection 2.3.2.

[ADJ. FIN PPA]x/cl ' l - Adjusted fin plan projected areaxI cal.O 1between x/c-l.O and x/cal.1, in 2 see

Subsection 2.3.2.
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Example:

Compute q a t Mwl.2 for a 300-gallon tank on the A-7
center ving pylon.

Required for Computation:

n = .418

CLOCAL = 127.6 in.
KA = 1.158

22I SR = 3.83 ft

ADJ. NOSE PPA = 10,568 in 2

(ADJ. FIN PPAJx/c l.0 - 1387 in 2
X/c1 0 1

L1= 3.74

_ 68.2
Y 2o3 = 33

-IN 144 deg

,, =0.0 8 - Figure 134

MI* .9 - Figure 115

1 ,_-

SMI - 1.2-(.9)(.8)

MI..48

-y IN = 4.o - Figure !44

ADJ. NOSE PPA r ADJ. FIN PPA 1/=l'i68
RIEF K "KN REF x/cl.

X/cwl3.O

1387 in

4.0 (361 6io
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KSLOPE1 = -1.35 - Figure 142

KL /d 1.0  -Figure 143 
j

AV= .888 2 Subsection 3.3.1.3

PRED

A(N- (3.83)(-1.35)(.48)

q) a_-_ 01.0
M=1.2

)o-=o -2.48 r 2

M=1.2

(RqE = .888 - 2.148

M=1.2

(~. =-1.59 ft 2

M=1, 2

II
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3.3.2 Increment-Aircraft Yaw

The general discussion of incremental effects due to aircraft

yaw for normal force slope and intercept is similar to that of incre-

mental side force as found in Subsection 3.1.2.

3.3.2.1 Slope Prediction

The equation for predicting the incremental normal force

slope per degree 8S, A() , for M = 0.5 is as follows:

')F = [(KSLOPE + AKSLOPE zLE + KINTC
qBS 1 INTF 1

+ AKINTC INTF SREF

where:

K - Variation of incremental CN  per degree B, with11
£LE'in.-eg2 ' Figure 146.

AK- Incremental change in K due to interference
SLOPEINTFSLOPE,

effect of the fuselage for high wing aircraft,1
in.-deg , Figure 147.

£LE - Distance that the store extends forward of the

wing leading edge measured along the store

" ~*longitudinal axis, in.

K -Value of AC when Z =  1 , Figure 0 18.INTC 1  N a LE eg _ Fgue1i8

AK INTCINTF- Incremental change in KINTC due to interference

effect of the fuselage for ngh wing aircraft,
1

d Figure 1h9.
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area, 2
-Store referen ce area, --- ft2

E p a for a 300-gallon tank on the A-7 center pylon

at M=0.5 and aS =40.

Required for Computation:

SRE F = 3.83 ft 2

rl = .27

z LE = 75.1 in.

CLOCAL = 127.6 in.

K 1.158

A

KSLOPE = -.00011 -- Figure 146, +8. curve

SLOP iuel~
6Ks INTF = 0.0 - Figure 11T, curve

KI!1TC = .0030 - Figure i148, +a curve

6KiNTCINTF = 0.0 - Figure 149, S curve

Substituting,

A-)-F [(-DO011+0.0) (75.1) + .0030 + 0.0) 3.83

=-.0201 ft 2

and using the equation of Subsection 3.3.?

S2

= (-.0201) (4) = -. 0804 ft_
deg
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3.3.2.2 Slope Mach Number Correction

To compute the incremental normal force slope per degree

8S , A -N\ , between M=0.5 and M=2.0, use the equation below.

qlM~x

- FN

SM=x S M=. 5 SM=x

where :

Incremental normal force slope per degree 6,

SM=5 predicted at M=0.5, from Subsection 3.3.2.1.

A2 1N- Incremental change with Mach number of the

M o incremertal normal force slope per degree 0S

at M=0.5.

A generalized curve depicting the incremental normal force varlat.:)n

with Mach number is given by Figure 150.

A2 (1L)t

:--V M1 i1  ii3

" ~~~~6 O.F 0 M)M 3M

Each Number

Figure 150. Incremental Nori] Force Slope Due to Yaw -
Generalized Mach Number Variation

The incremental slope variation with Mach number has teen fitted

by a series of linear segments with breaks at Mach numbers definea by

M, M, M2 , M3, and M h. The Mach break points are presented in Figures
CLOCAL

151 and 152 as a function of - . M is the Mach number where the

slope initially changes from the value predicted at M=0.5. Equations

predicting the incremental changes from the M=0.5 value at each of the

remaining Mach break points follow.
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Break 1:

62() [(KSLP + AKSLP )ADJ. PPA)

SLOP 1 MT' SLP INr
+ V INTC I + UKINTCNTI S REF

where:

KS~oP.~ - Variation of incremental C,, per degree with
ADJ.PPA 1

L ' in-eg. 'Figure 153.

AKsLoE - Incremental change in KSLOP q ue t r. teri re r.e

1 effect of the fuselage for high wing a. rcragt,
1

I.- g' Figure l51;.

Aj. PA - Adjusted plan proje:tea area divide- l' st'>re

length, in.1.1

K -Value of C when ADJ.A 0 -" Figure 155.

A - Incremental change in KINTC due to interferenc,:
"'iTCITF effect of the fuselage for Aigh wing aircraft,

156
deg Figure 156.

Ld d2 fL2
-REF Store reference area, 4 L t

Break 2:

[(K AKL )(ADJ.PA.
S qSLOPE 2 SLOPETNTF2

22
+ KINTC,, + AKINTC S REF

INTF 2

201,
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where:

K Variation of incremental C[i per degree B,.
SLOPEAD.PPA 1 2

with L ADJ.egA' Figure 157.

A KSLOPE LOPE Incremental change in KSLOPE due to interference

effect of the fuselage for high wing aircraft,I 2 , Figure 158.in•-deg

ADJ.PPA - Adjusted plan projected area divided by stre

L
length, in.

ADJ.PPA =
KINTC -Value of AC. when L O deg

Figure 159. 6• S2

A - Incremental change in K due to inter'erefl
" e

UINTF IN1TC,
N2 effect of the fuselage for tiigh wing aUrcraft,

i 1II --T, Figure 160.

'REF - Store reference area, 4 - t

Break 3:

62 (K~L? + K L
3 SLOPEINTF3

°3
+ IDTC3 + INTCIT3 RpEF"

where.

K- Variation of incremental CNO per degree ".

3  ADJ.PPA 1 3
with L nFigure 161.
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AK SLOPE INTF- Incremental change in KSLOPE, due to interference

effect of the fuselage fer high wing aircraft,

in.-1deF Z, Figure 162.

ADJ. PPAL - Adjusted plan projected area divided by store

length, in.

K - Value of ACN when ADJ.PPA = U, I
INTC 3 Figure 163. 0'S 3 Lde

AKTINTN. F - Incremental change in K INTC. due to interference

effect of the fuselage for eigih wing aircraft,a
-- Figure 161s.
deg

'Td2  '

SREF - Store reference area, -- , ft.

Break 4:

2 [(K + 6K (AJJ.PPA)+ K

S SLOPE4  INTF

+ AKINTCINTF4 SREF

where:

S v - Variation of incremental CN per degree S Wtn
" SLP4 ADJ.PPA 1 Fg. A.

L 'in.-deg.'Fgre"5

AKsLoPF - Incremental change in K due to interfere:.ce
SLOPEINTFSLOPEL.
4  effect of the fuselage for high wing aircraft,

1 n, Figure 166.in.-deg.

ADJPPA -. Adjusted plan projected area divided by rture
L

length, in.
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K - Value of 6C when ADJ.PPA = 0INTC 4Figure 167. a

AKINTC NTF - Incremental change in KINTC 4 due to interference
I 4 effect of the fuselage for high wing aircraft,t 1

de7-, Figure 168.

ir d2  2
S - Store reference area, T , ft
REF

To compute at M=x, first determine from Fig. 151 or 152 between

which Mach number break points M=x occurs. Let MLOW be the lower Mach

break and MHI be the higher Mach break. Compute A ff'" at M=x from

the following relation. _
( \ A + \ (b + x - LOW-

aSM=x S M=. s"Lw N

5 \ JLOW

If x > M =1.6, \- qa is equal to the value of A(-)
at M :1.6. S M=X

NF IF
If x < Mo, \-i)a is equal to the value of q Sat

SMX

M : 0.5 from Subsection 3.3.2.1 (the initial term in the above equation).

A numerical example showing the use of the above equation is

contained in Subsection 3.2,2.2.
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3.3.2.3 Intercept Prediction

The equation for predicting the incremental normal force

intercept per degree 8S, A a= 08 , for M=0.5 is presented below.

\ a s  [(KSLOPE1 + AKSLOPEr) + AKSLOPEINTF ) z LE

+ K +T6K + AK, T s

INTC INTCrl REF

where:

- Variation of' incremental C per degree ra" withCLOE z I1 Figure 169. 11C=0
LE' in.-deg. i

A6?3LOPE - Incremental change in KL01,E due to 3panwise -tore

ri location, 1 .C. .LI
locaionin-deg.' Fiurt: 170.

&F'ZLOP INTF - Incremental changQ in K SLOPE due to
interference effect of the 1'uselage :'jr i~ign w-ng

aircraft, I Figure 171.
in.-deg.'

lI

Value of AC. when Z , Figur 7.INTCI  NLE e

- Incremental change in KT due to store suanwise
IU4TC INTO

location, , Figure 173.

AKiN c - Incremental change in KINTC cue to interferen.-e
.iNTF effect of the fuselage for high wing aircraft,

de- Figure 17lh~deg

Tid' 2
OREF-  - Store reference area, ----, ft
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Example:

Compute A() =0 for a 300-gallon tank on the A-7 center pylon

at M=0.5 and Y40.

Required for Computation:

SREF = 3.83 ft 2

= .27

CLOCAL = 127.6 in.

KA = 1.158

£ = 75.1 in.
LE .1

KSLOPEI = -.0008 - Figure 169, + S curve

AK = -. 0010 - Figure 170, + 6. c-rve
JLOPEn

AKSLOPEINTF = 0.0 - Figure 171, + S carve

K INTC 1  = .080 - Figure 172, + 3S :urve

AK = .060 - Figure 173, + E, curve

INTC r

AKTNTCINTF = 0.0 - Figure 171;, + eS curve

Substituting,

= [(-.ooo8 - .0010 + 0.0) (75.1) + .oo + .ooi \ q la 0Sft,

+ 0.0] 3.83 = .0192

and using the equation of Subsection 3.3.2,

q a-aS <1
= (.0192) (4) = .0768 ft 2
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3.3.2.4 Intercept Mach Number Correction

The procedure for calculating the Mach number correction for

incremental normal force intercept is similar to that presented in

Subsection 3.3.2.2 for incremental normal force slope Mach number correction.

The incremental normal force intercept variation with Mach

number has been approximated by a series of linear segments with break

points occurring at Mach numbers defined by Mo, Ml, M2 2 M and M4 as in

F igure 175 .
A 2 0 -0 A2)

0.5 MO 1 2 M3

Mach Number
Figure 175. Incremental Normal Force Intercept Due to Yaw -

Generalized Mach Number Variation
Tlv'h variation of the Mach lbrak points is m esented in Fipure- 17(- and 177

as a function of CI*)CA- - . M is the Mach number where the intercept

initially deviates from the value predicted at M=0.5. Equations have

been developed to predict the incremental change at each of the remaining

Mach break points. The equations are as follows:

Break 1 (M,):

= t(KSLOP + ASK P (ADJ.PPA) + KNT
E SLOPEINT F1

sI
+ AKINTC INTF SREF

where:

KSLOPE - Variation of incremental CN  per degree S with

L in.-deg.' Figure 178.

A SLOPE I -TF Incremental change in KSLOPEI due to interference

effect of the fuselage for high wing aircraft,
±

i .-deg ' Figure 179.
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ADJ.PPA - Defined in Subsection 3.3.2.2
L

K - Value of AC when ADJPPA , 1
INTC 1  Figure 180. N a=0 a 1  Lde

AKINTC INTF - Incremental change in KINTC due to interference
T1  effect of the fuselage for Aigh wing aircraft,

l- , Figure 181.
deg

wd 2 ft2
SREF  -Store reference area, -s-, ft

Break 2 (M2

A2(NF)L=O [HKSL + 6KSLP (ADJ.PPA) +K
q as 2 SLPE2 SLOPE INTF 2 LIT

+ AKINTCI ] S R
INTF2

where:

K SLOPE - Variation of incremental CN = u , per degree aS
SLE2  ADJ.PPA 1 2

with L in.-deg.' Figure 182.

AK SLOPE - Incremental change in KSLOPE  due to interference

2 effect of the fuselage for high wing aircraft,

Tin.-deg. Figure 183.

ADJ.PPA -Defined in Subsection 3.3.2.2.
L

Value of AC when J.PPA 0 -
KINTC2  Figure 184. N=08S L deg
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- Incremental change in KINTC due -o interference

AKINT 2 effect of the fuselage for high wing aircraft,

Figure 185.
deg

SREF - Store reference area, '-, ft

Break 3 (M3 ):

A2~= [(KsLP + AKSLP )ADJ.PPA) + KIIT
S3 OP 3 SOEINTF LI4T

S 3Ss3

+ AKINTC INTF R EF

where:

K-SLOPE Variation of incremental CN.o, per degree S
th3  ADJ.PPA 1 Fi =r S

with L ' in.-deg., Figure 186.

AKsLoPE - Incremental change in KSLOPE due to interference
3 effect of the fuselage for high wing aircraft,

d Figure 187.Sin.-deg.

ADJ.PPA - Defined in Subsection 3.3.2.2.t L

K Value of ACN when ADJ.PPA 1

Figure 188. c=083

AK incremental change in KiTC due to interference

IC1NTF3.
3 effect of the fuselage for nigh wing aircraft,

de , Figure 189.e g

1;d 22

SREp  - Store refe'rence area, "-c-' ft

REF 4
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Break 14 (14 ): 
'AJ)J [A K

A2NF = [(K + AK+ KINTC

+ss
+ AKINTCITF SREF

where: - Variation of incremental CNa=o h per degree 8S

KSLOPE4 AD.P perde9ee.

with D ' J. 1 Figure 190.

ASLOPE - Incremental change in KSLOPE due to interference

4  effect of the fuselage for 
high wing aircraft,

i Figure 191.in. -deg.

ADJ.PPA - Defined in Subsection 3.3.2.2.

L

K- Value of LACN when - degPP 0KINTC ADJ. PPA -
KINTCh 4 ,au f~=0,.4 whe L -eg

[ ,Figure 192.

.- Incremental change in K INTC due to interference

F4  effect of the fuselage for high 
wing aircraft,

1 Figure 193.deg

*7TA2  2

S EF Store reference area, -4, ft

To compute A( F )a=0 at M-x, first determine from Figure 
176 or 177

between which Mach number break 
points M'x occurs. Let 'Low be the

lower Mach break and M.I be the higher Mach b:reak. Compute t C=0a S

at M=x "from the following relation.

+ A2 (
H ) +( x -oLOW

SMSx S S

225



If x > M = 1.6, 6 / _O at M = x will be equal to the value of

-fia=O~s at M = 1.6

If x < Mo, \-F]a=O S at M = x will be equal to the value of A q/a=O

at M = 0.5 (the initial term in the above equation from Subsection 3.3.2.3).

A numerical example is found in Subsection 3.2.2.2 that illustrates the

use of the above equation.

.II
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3.3.3 IncraIent - Adjacent Store Interference

The discussion of normal force slope and intercept incre-

ments due to adjacent store interference is similar to that of side

force found in Subsection 3.1.3.

3.3.3.1 Slope Prediction

The equation to predict incremental normal force slope,

A(T)T, for M = 0.5 is given below.
qINTF

NF\ K d x +I NTF  2 0

a SLOPE( dyli TIREF
INTF INTF

where:

K E S ADJLPPA)+ KINTC2

SLOPE SLOP~ 2 I

and additionally

KVw ADJ.PPA 1K SLOPE2  Variation of KSLOPE with L ' in. - deg.

Figure 194.

ADJ.PPA_ Defined in Subsection 3.3.2.2, in.
L' '

ADJ.PPAK - Value of K when - = O, degINCSLOPE LdeIT2  1
Figure 195.

d INTF (XINTF + 200 )dI2 - Defined in Subsection 3.1.3.
d. YINTF

rrd2

SREF - Store reference area, -7;-, ft2 .

A numerical example illustrating the use of the above

equation is found in Subsection 3.1.3.1.
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3.3.3 Increment - Adjacent Store Interference

The discussion of normal force slope and intercept incre-

ments due to adjacent store interference is similar to that of side

force found in Subsection 3.1.3.

3.3.3.1 Slope Prediction

The equation to predict incremental normal force slope,

A(FOfor M = 0.5 is given below.
INTF

NF d I 20 )

INTF I A N'T.,

where:

KK ADJ
SLOPE SLOP L ) INTC2

and additionally

K - Variation of K withAJPASLOPE2  SLOPE1  L ' in. - deg.

Figure 194.

ADJ.PPA_ Defined in Subsection 3.3.2.2, in.
L

K - Value of K when ADJ.PPA = 0,
INTC SLOPE L deg2 1

Figure 195.

d INTF (XINTF + 200 )dF 0) Defined in Subsection 3.1.3.
d. YINTF

rid 2

SREF - Store reference area, -r--, ft2.

A numerical example illustrating the use of the above

equation is found in Subsection 3.1.3.1.
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3.3.3.2 Slope Mach Number Correction

To compute the variation in incremental normal 
force slope,

(F) between M 0.5 and M = 2.0, tise the followiiw expresion.
q INTF

MEx q INTF M'o.5 INTM= x

where:

- Incremental normal force slope at M= 0.5.

INTFMMOO.5

&2(-NF\ - Incremental change with Mach number from the

INTFFMa x incremental normal force slope value at M 
= 0.5

A generalized curve illustrating the incremental

normal force slope variation with Mach number 
is given by Figure 196.

Ah Numbe

7)?UNTF 2qIT

INTF

"*1 Figure 196. Incremental Normal Force Slope Due to Interference -

Generalized Mach Number Variation

The incremental slope variation with Mach number has been

approximated by a series of linear segments with break points

occurring at Mach numbers defined by MO, M1 , M2 , and M3 . The

variation of the Mach break points is presented in Figure 197
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as a function of _ M is the Mach number where the incrementalKA

slope initially deviates from the value predicted at M 
= 0.5.

Equations to predict the incremental changes at 
the remaining

Mach break points are presented below.

Break 1 (Ml ) :

q NTF ISLOPE I'  d-y INTF 20REF

where:

KSLCPEI = KSLOPE2 (" LPP)+ KINTC 2

and additionally,

K - Variation of KSLOPE 
with ADJ.PPA

SLOPE 2  Figure 198. L in. deg!

ADJ.PPA Defined in Subsection 3.3.2.2, in.
L

K Value of K when ADJ.PPA 0 O,KINTC 2  -SLOPEI L deg '

2 Figure 199. 1

" N;W, ,X + 200) '

NTFINTF 200) Defined in Subsection 3.1.3.
id. YINTF

.d
2

SREF - Store reference area, 
- ft'.

Break 2 (M2):

22
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where:

K = K (ADJ PPA+ KKSLOPE 3 =SLOPE L I KINTC4

and additionally,

KSLOPEh - Variation K SLOPE L ' in. - deg.

Figure 200.

ADJ.PPA - Defined in Subsection 3.3.2.2, in.

L

ADJ. PPA 0
K INTC4  - Value of KSLOPE when L ' deg

Figure 201.

d INTF(xITF + 200
- Defined in Subsection 3.1.3.dL. YlT

* INTF

2

SREF Store reference area, , ft.

Break 3 (M3 ):3

2 NF) K dINTF(INTF + 20

q KFSLOPE d'YINTF )S REF
INTF 3 ~ IT

where:

IADJ-PPA,
KSLOPE 5 = KSLOPE L + KINTC 6

and additionally,

K - Variation of K SLOPE with ADJ.PPA
SLOPE6  L ' in. - deg.

' Figure 202.

ADJ. PPA
- Defined in Subsection 3.3.2.2, in.

L
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1 ,

6  - Value of K when ADJ.PPA 0, deg
IN 6SLOPE 5Lde

Figure 203.

d+ 200
-NTF(XINT- Defined in Subsection 3.1.3.

d.YINTF

d2

SREF - Store reference area, - , ft2

To compute A(NF at M = x, first determine from Figure 197\q ;aNTF

between which Mach number break points M = x occurs. Let MLOW

be the lower Mach break and MHI be the higher Mach break. Then

compute A() at M = x from the following equation.

INTF

ACNF A(NF 1  + A (NF + X - LO

= + M - Q-
INTII x INITF0. q NTFMo HI LOW

qu X M0 5 ~ Low

qINTF INTF
MLOW

If x > 1.6, then A(. )a at M = x equals the value given

at M 1.6. INTF

if x < M0 , then A ( -F at M = x equals the value obtained- q INTF
4 in Section 3.3.3.1 (the initial term of the above equation).

A numerical example illustrating the use of the above

equation is found in Subsection 3.2.2.2.
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3.3.3.3 I.tercept Prediction

The equation to predict incremental normal force intercept,

6 q for M = 0.5 is given below.

INTF

F K= "SLOPE(INTF(INTF '2+ SE
INTF 1 REFF

where:

KSLOPE KSLOPE2  L KINTC 2

and additionally,

ADJ. PPA 1
KSLOPE -Variation of KSLOPE with L in.

Figure 20h.

ADJ.PPA - Defined in Subsection 3.3.2.2, in.
L

K INC -Value of KSLOPE when L O, Figure 205.

dIMTF( XlTF +2001

-_ _ - Defined in Subsection 3.1.3.

- W 2

SREF Store reference area, 7 , ft2.

A numerical example illustrating the use of the above

equation is found in Subsection 3.1.3.1.
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3 .3 .3 .4  Intercept Mach Number Correction

The procedure to compute the incremental normal force

intercept between M - 0.5 and M = 2.0 is similar to that of incre-

mental slope as found in Subsection 3.3.3.2.

A generalized curve depicting the incremental normal

force intercept variation with Mach number is given by Figure 206.

I a NI ~ NI: SO 2N-

NTF j 1 2

0.5 M0  M1  M2  M3

Mach Number

Figure 206. Incremental Normal Force Intercept Due to Interference -

Generalized Mach Number Variation

The incremental intercept variation with Mach number has

been approximated by a series of linear segments with break points

occurring at Mach numbers defined by MO, MI , M2 , and M3. The

variation of the Mach break points is presented in Figure 207

as a function of K A 0 is the Mach number where the incremental

intercept initially deviates from the value predicted at M = 0.5.

Equations to predict the incremental changes at the remaining

Mach break points are presented below.

Break 1 (M

A2 NF d PEINTF( X NTF + 2\q/e)=0 K "SLOPE1 d, YTTF )SREF

INTF1  INTF
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where:

KSLOPE = KSLOPE L KINTC 2

and additionally,

ADJ.PPA 1
KSLOPE - Variation of KSLOPE with - L ' in.'

2 Figure 208.

ADJ.PPA Defined in Subsection 3.3.2.2, in.
L

K D PValue of K when = 0, Figure 209.
INTC 2  -SLOPE1 L

d ITFx 1ML +200,--- - Defined in Subsection 3.1.3.
d, YINTF

7rd 2 2
SREF - Store reference area, -y-, ft

Break 2 (M2):

22

where:

KSLOPE3 KSLOPE(MJL -- / KINTC
344

and additionally,

K S - Variation of KSLOP with L ' in.'

Figure 210.

ADJPPA - Defined in Subsection 3.3.2.2, in.
L
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K - Value of K when ADJ.PPA = 0, Figure 211.-Valu of SLOPE 3e L gr

d INTFXINTF + 200)
- Defined in Subsection 3.1.3.x. YINTF

lwd2

S F - Store reference area, -. ft2REF

Break 3 (M3):

A2 N) K (diNTF(XINTF + 20)
K CO SLOPE( dsy ~ )S REF

INTP3

where:

KSLOPE5 = KSLOPEARJLPPA)+ K INTC 6

and additionally,
! /

K - Variation of KSLOPE with ADJ-PPA .
6 Figure 212. 5

ADJ.PPA -Defined in Subsection 3.3.2.2, in.
L

KINTC - Value of K SLOPE when L = 0, Figure 213.

6 SLP 5 L

dIFXNF + 200)
d Defined in Subsection 3.1.3.

d y INTF
7d2

SREF - Store reference aca, -, ft2 .
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To compute A at M = x, first determine from Figure 207q/ cZZNTFbetween which Mach number break points M = x occurs. Let MW

be the lower Mach break and M11, be the higher Mach break. Then

compute Aqf)=0 at M x from the following equation.

INTF

Af + A2QI. INTFO

N- q -mo - \"']t=o MH ]
I TFM m xI IM.Q.5 I TMLo

[6(2 A 2 iL)a
INTFt INTFM

If x > 1.6, then ANFI ^ at M = x equals the value given

at M = 1.6. INTF

If x < MO, then A(py) _ at M = x equals the value- \ q ]aONTF

obtained in Subsection 3.3.3.1 (the initial term of the above equation).

A numerical example illustrating the use of the above
equation is found in Subsection 3.2.2.2.
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3.4 PITCHING MOMENT

3.4.l Basic Airload

The installed store pitching moment is also influenced by the
buoyancy effect discussed in Subsection 3.3.1 and Reference 5.

The pitching moment data are referenced aJong the store centerline at

the mid-lug location.

3.4.1.1 Slope Prediction

The variation of captive store pitching moment with angle of

attack is defined by the following relationship.

=KA)2 KCPM )C +
PRED TSO BUOY

where:
SPM = KIT (KITI +- K OA

SSREF +KSLOPE 1 +2K A
pRBUOY

The parameters in the above equations are defined below.

K45 Aircraft wing sweep correction factor

where A is the sweep angle of the quarter-
~chord.

K " - Initial pitching moment slope predicticn,

P ISO ft.,, see Subsection 2.3.3.
deg.

SE- Store reference area, Td, ft. 2 .

K- Interference correction factor based on the

ratio of the distance from the fuselage

to the store centerline and store dia-

meter,-Ld for high wing aircraft, Figure 215.
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LOCAL in.
K&. qS at K eg Figure 2114.

(qTC, ( )~ eKINTC"  \qREF/ a A\ K 2 ! =  '

BUOY

KChange in ( PM with respect to
KSLOPE - ,REF a

BUOY

I PM)
q REF c

CLOCAL BUOY= .00260

K deg
A (CLOCAL)

A2

Example: Compute for a 300-gallon tank on the A-7 center pylon.

Required for Computation:

n =.18

C 127.6 in.LOCAL
cos 30 =01.158

h cos 45U

S = 3.83 ft.2

I = 2.57

NOSE PPA = 1630. in.2

PPA = 5007 in. 2

L- 3.714" d

KC = 1.333 - Section 2.3.3
ISO

= NTF 1.05 - Figure 215

NOSE PPA (3-74 1.22
PPA d = (3.714) " 1.22

258
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KNC2 -. 485 eg-Figure 214

K 1OE = .00260 in ftdeg.

therefore:

= S ( K + K LOCAL)qa = REF "INTF INTO1 I SLOPE 1  K /
BUOY 2

= ( .83 (1 05) (~ 485 + .00260 ( 110 _ .800 f

and:

(~c KA Kc (Eq)cc + (Pm) '
PRED 2 MISO BUOY

ft
(PM 1.158 (1.333) -. 800 .744~

q a deg
PRED
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3.4.1.2 Slope Mach Number Correction

To compute the variation in pitching moment slope with angle

of attack, (q) ,between M=0.5 and ,1=2.0, 1,8V t lI fotl ohg equiatioll.

(LM) = (L)z +A L-q\ ql)a

M=x PRED M-x

where:

A ) a is the increment in pitching moment slope at M=x.
M--x

The generalized curve of the variation of PM, with Mach

number is given by Figure 216,

qq~

0.5 M0  M1  M2  M

' Mach Number

Figure 216. Pitching Moment Slope - Generalized Mach Number Variation

The slope variation with Mach number is approximated by a

series of linear segments. Each Mach number where the line

segments change slope is designated a break point. The first break

point is defined as the Mach number, Mo, where the value of (PM

piadeviates from the subsonic M=0.5 value. The variation of the Mach
break points is presented in Figure 217 as a function of C LOCAL '

Equations are presented to calculate the incremental slope change

at each of the Mach break points. This increment is defined as the

difference in pitching moment slope at a Mach break point and the
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4{

M=3.5 value of ( a This increment is zero at M by the

definition of M . Equations are presented below to compute the in-
0

cremental slope changes at MI, M2 , and MV

Break 1 (MI):

CP

q K 1  INTCL/C + KSLOPE\ LE ))P REF

where: PM (KpM PPA 0

KT -Value of atq5P 
0'dg.

KINTC1_Ede.

Figure 219. \REF aa/

AKINTC - Intercept :!orrection based on the ratio of store
length to local chord, O deg. Figure 220.

CLOCALde-

2 K PPA\
/ (PM j 0PM p

K Variation of 6(- j with I Pin.-deg.'

SLOPE1  Figure 218. qSREF a1  LE

KC - Defined in Subsection 2.3.3, ft.

PPA - Plan projected area, see Subsection 2.2.2, in2.

9.. - Distance from the nose of the installed store to
LE

the wing leading edge, measured in the wing plan

view, in.

Break 2 (42):

A( PM\ =___ +pK
Aq) K +KSLOPE ( Z M

263



where: PPA\

H/ C 1 ft. 3 iue22
K -Value of ( t 0 r O 2'q l 2 TL /g --. iue'"

K. P. M PPA)ft ZKSLOE 2  - Variation of' & wjth 2 - in.deg. .KpPA Figure 221. 2LE i

K C PPA

- Components of this term are defined under Break 1.
~LE

Break 3 (M 3):
3K

I~~c C * Ic PPA)III/C PE-\
33 LEZLP

where: /K PPA\
C 3

KI - Value of at ' O, Figure 224.iIT )C L,/a aeg.,

K PPA\( PM 1 ft'."3
KLOPE,- Vari.ti,.. of A( P14.) awith  LE i.-deg.' Figure 223.

, K~ p PPA
KC PI A

Components of this term are defined under Breal. 1.

Knowing the incremental slores at each break point, the

calculation of PM) at M=x is possible. The computation is based\qa

on a linear variation of (PMa between the break points where M=x

occurs. From Figure 217 determine between which break points M=x occurs.

Designate these as MT,W and .I esch that M1Ow < x < "I If x < M0
use the value of Pl) predicted in Subsection 3.4.1.1. Using the equation

below can be compke..ted

261h
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( 4 ) a = ( 4) a + ( ) c + M M W ) ( ( 4  I
1= x PRED LOW HI LOW

Example:

A numerical example of a similar computational procedure is

included in Subsection 3.1.1.2.

iI
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3 .4-., 3 Intercept Prediction

The value of (PM) at a = 0 is computed by the following
expression.

q=O SRE F (K INLE+
)

where:

KINTC1  --Value o f--- at kLE=O, ft., Figure 226.

/ P14t .ft.

K SLOPE- Variation of with respect to k LE' in-
Figure 225. a=0

LE - Distance from the nose of the installed store to

the leading edge of the wing measured in the wing plan

view, in.

SREF - Store reference area, 4d  ft2

i Example :

Compute (- ]=0 for a 300-gallon tank on the A-7 center pylon

at M=O.5

Required for Computation:

CLOCA L - 127.6 in

K cos 350
K cos 5 0  1.158

XLE 75.1 in.

S = 3.83 ft2.REF

KIrC = -I.95 - Figure 226.

K SLOPE o65 Figure 225.
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(p,4) .s.83 - 91 +(.065)(75.I - -5.6 ft't3

IIFD

21'-I

iI

• 5'22

1I
~- ~ L:~::±~ ~~ll LZ~rn>
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3. 1j. .4 intercept Mach |lumber Correction

The variation of litching moment intercept, q )c=M between

M.I = 0.5 and 1 = e'. , m cputed using' tih following expression"

.(L =0) -- ,(=) +A\q/=

M=x PRED M=x

where:

) ~e=) is the increment in pitching moment intercept at M=x.
14=x

Tht basle approach to the prediction of the intercept variation

with Mach is the same as presented in Subsection 3.4.1.?. That is, the

variation is approximated by a series of straight lint. segnents, as

shown in Figure 21u. The Mach numbers at which the slopes cf the line

segments change are designated break points. TLe variation of the

Macn break points (M0-1411) is presented in Figure227 as a function of

C LOCAL
K K. 14 0 is again def-nud as the Mach number at which the intercept

I0

initially deviates from the predicted M = 0.5 value. Equations are

presented below to ccmpute the incremental intercept change at the

renaining break points.

Break 1 (11 ):

1 4.'1iEF(IN. C +(K PP \Kp-A)

SLOPE, LE

where: K PPA

K - Value of A at = P1, ft., -igure 229.
ITC q)REF k LE

(=1

K - Variation of A( PM with respect to( KPm£ E

KOLOPE q LE!qREF t

1
in.' Figure 228.
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ud 2  2
SRE,, - Store reference area, 4 d f

KC  - Defined in Subsection 2.3.3, ft.

PPA Plan projected area, see Subsection 2.2.2, in .

kLE - Distance from the nose of the installed store to the

wing leading edges measured in the wing plan view, in.

break 2 K PPA L

q 2IT2 SLOPE 2  9\ 2 LEd )
where : AC PPA Ln

where: -Value of tM a, L 0 where
INT 2qS REF =r" 2 \ LE d

K 1.0, ft., Figure 231.

K - Spanwise correction factor to KI"TC Figure 232.

/' C  PPA L 1

K - Variation of A('. (t ck1 IF L /

3LP Figure 230.

L - Store nose length, in.

d - Store liameter, in.

rd2

SE - Store reference area, -- , ft .

K PPA

CPM Components of this term are defined under Break 1.
2LE
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L0 .,,.LKI ,, IP

MOP LE'

INTCF ur 2,ft,3i 
ur.2 4

Va.lue Q1" I -0 LE

iK
c PPA 

1K: OVal.- V triti on ofA =0 \/ i.

Firaure 2-13.

y _- Components ,t, th1 term :%re defined ander Break I.
LE

Break Ih

/P' I/K c ,M PA\

K PPA

F - Variation of A(PM w Pit)

Figure 235

,- tore refeience area, h f

I~,JPA
C., InPArer.s of thio Lerm are defined under Dreak 1.
£L F
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To calculate eqe h=O at M x, determine from Figure 2 7 the break

points between which M4 x occurs. Designate these as 14t,OW and MHI

such that 14O < x < 1.1 If x < MOl t h e value of 1\ q/=Oprdce

PMin Section Subsection 3..1.3 will apply. Using the expression below M
q t=O

M~x

can be computed.

X1 M -
1LOW PI1

( ~ Lq-1aO (q-C=I"M HI-M LOW A(, q)C=O
M=x PRED LOW H LI

LOW

A numerical example cf a !,imilar computational procedure is

included in Subsection 3.1.1.2.

[I

I
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3.4.2 Increment-Aircraft Yaw

The development of equations for predicting the incremental

pitching moment slope and the incremental pitching moment intercept

is similar to that of side force as described in Subsection 3.1.2.

3.4.2.1 Slope Prediction

The equation used to predict the incremental pitching

moment slope per degree as , A qfla* at M = 0.5 is as follows.

qI SL(KsLoPE 1  SLOPE INTF ) KINTC1

+AKINTC INTF]REFd

where:

KSLOPE - Variation of incremental C per degree~m

w ADJ.PPA 1

S with L in. - degZ. ' Figure 237.

AKSLOPE F Incremental change in KSLOPEI due to inter-

I1

ference effect of the fuselage for high wing1
aircraftin. _ degI., Figure 238.

• ADJ. PPA
4 A L - Store adjusted plan projected area divided

by store length, in.

K - Value of AC when J.PPA 0, 1
S1Figure 239. B3Ld

AK INTCINTF- Incremental change in K INTC1 due to inter-

ference effect of the fuselage for high wing1
aircraft, d-1 Figure 24o.
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i~d2 2-'REF - 3tAor re-ference area, I ~t

I ~- itorc Ie ht~: t

flx.~i: cWE foir a oo-raion Lank u-n the A-7 center

pylon at 14 0.1 aini +40.

R~equ ired. fcr r> inputal ion:

d= 2. 2 f L.

LQ CALin

K, 1.156S

nJ ~ l = 2 from 5:,,tse !tior 2. ~

226 in.

K2 ~ "L';E - ~'ure 2 '(, .curv:'

Ah =0.0- 1 igre ^2'$,+ Carve

IT

Substitiiting,

A( 'YV' 0.)C.3) + (-.018 + 0.0)8.43

f* 
9



and using the equation of Subsection 3.4~.2.

= .1126)(4) .115 f±..
deg.
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T&. :omj1ute th(. '-4riatifdn in increMerAUL itching moment

sl'zq' Pei, f, 6. U-) Uvtwetl 1.1=0.5 and 14 *'.-C, luse Lhe

L(L)q a

where:

L() - ie±rementa2. pitching moment slope per

iegree a, t 14 = 0. f rom Slib,,-ection 14. *1

2() - Vcremeintal ciiar. ,e wil MiI.aen number o~f

Ihos incremental pitzhing moment slope

T~fr degree $.at 11 .

f or oulculating the Mach ruer correction

fo-: l~r-, f r,, trzc'n ra sl ~op per degree ~.~the z~me as

.Jhat Coiaz,6 In ~u~ein . .for the in, rF ,%Cntal yawing moment

slcpe ot;jr- P. F. FAch isrcorr-etion.

~1~rgmoment slope per degree S variation

wi~h 4t~c'. ;~a b~ei,jpi ximated by a series of linear segments

wi4'h bpeuV' t x'±ing t Mach numbers defint-d by 1% 4~ ' 2 M3, and

4 IC A(2M !?,

Q5~ 2~ R.14 2T4

::,ach Number
.i . 1 r.c eme.it F Pitching Nloment Slope Due to Yaw -I

i ,,h N umber Variation



The variation of the Mach break points is presented in Figure 242. -CLOCL
,t a function of .L 1 is tiv, Mach number where the incremental

K A 0
slope initially deviates from the value predicted at 1 = 0.5. Equations

to predict the incremental changes at the remaining Mach break points

from the initial value at M = 0.5 are presented below.

Break 1 (MI):

1s
A2 ~~ [(K + AKAN-P)+K

qSLOPE 1I SLOPE INTF1 ( LJPA MC I

+ AKilT Is d
INTCINTF 1REF

where:

K- Variation of incremental C per

ADJ. PPA
degree 8 with AJPS L

1in - deg. ' Figure 243.

- Incremental change in KSLOPE due to

interference effect of the fuselage for

a high wing aircraft, in. de Figure

: ADJ .PPA - Defined in Subsection 3.4.?.l.
L

KINTC - Value of ACm when ADJ.PPA O, ,
2. Figure25.

S1

AK - Incremental change in KIITC due to inter-

INTCNT 2. V
ference effect of the fuselage for high

wing aircraft, 1 , Figure 246.
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Trd2

- tt,. reference area, ft 2

A
Br(_ak 2 (14.L):

.= LOrE + )("DJLpp"' + KI, TC,
° 2 2

INTF REF

- Variatiwn af incremental (' per degrue

8. with .2- Figure 247.
1 r ,e

'L~l - i~r~e~taJ'2hr~-~ ISLOPE2  u

int~C'...... e effect of the fuselage for1
a hih wie a ire ' in. - deg * Fixae •

jUL Al o Derjn .d in Section 3.4.2.1. =

• % ,: ...... Va~a ol AC w -.-nADJ.FPA = 0

ii

...u. Q1LiMn - 0TC

L,- " cr , -mertai change in due to

]nt:rfe &rI''t eff.ct of the fuselage for

;I !,v. aircraft, , Figure 250.

deg



Break 3 (M ) :

+ M A(DJ.PPA)
12U_)OSa +M[(soE AKsLoPEIT3 - - + K INTC

q , SLOP 3 TF 3

+ AK INTCINTF 3REF
d

where:

K-SLOPE Variation of incremental Cma3 per degree

ADJ.PPA 1 251-

Swith L in - deg'. Figure

LKSLOPEIuTF - Incremental change in K SLOPE3 due to inter-

ference effect of the fuselage for a high

wing aircraft, - Figure 252.

ADJ.PPA - Defined in Subsection 3 .4 .2.1.

K- Value of AC when- 0,
hTC[n ADJ.PPA t in

SFigure 253.

, AKINCNF - Incremental change in KIfC due to inter-

LOPEITFINT 3

3 ference erfect of the lselage for high wing

4

q E(_____P____+__ ____ ,.L + KINTC

+AK INTC INTF h 4 Is EF d
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where:

KS - Variation of incremental C per degree
SL OPE1  m

gwihADJ. PPA 1a,. with A.P Figure 255.
L in - deg 2 .

AYSLOPP - Incremental change in K SLOPE due to
I 4T" interference effect of the fuselage for a

high wing aircraft, 1 , Figure 256.
in. - deg2

ADJ.PI'A - Defined in Section 3.4.2.1.
L

K- Value of AC when L =JOPPA = 0, -1
Figure 257. aSh

L-K Incremental change in K due to
TIT h II1TC2

interference effect of the fuselage for1
high wing aircraft, 1-- , Figure 258.

Tr compute 6PM) at 14 = x, first det'o-mine from Figure 2h2
q a cs

between .i h Mah nwmber break points M = x occurs. Let ,L OW

b• t he lower Mach break and MI1 be the higher Mach break. Then

compute A ) at M = x from the expression below.

11 P1 +( x -LOW

,Vm/ : A 2 A2

293

q I)

NT. OMO

L-19 2 ' . --



i y 1.6, then M at 14 x is equal to the

value of A PM\ at M 1.6.

If x < MO, then at M = x is equal to the value ofS

at M = 0.5 (the initial term of the above equation 
from

Subsection 3.11.2.1).

A numerical example illustraing the use of the above

equation is included in Subsection 3.2.2.2.

[
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3.4.2.3 Intercept Prediction

The value of incremental pitching moment intercept per degree
as P \ L ,=O for M = 0.5 is predicted by the following equation.

q

f('-= [( LP + AK SLOPE L 2 + K INTC
B~] & I
+ AKINTC INTF SREFd

where:

- Variation of incremental Cm= 0 per egre

ADJ.PPA 1
S with Figure 259.SL 'in. -deg.'

AKSLOPE - Incremental change in KSLOPE due to inter-

ference effect of the fuselage for high wing

1 Figure 260.
aircraft, in. deg.'

ADJ.PPA - Defined in Subsection 3.4.2.1.
L

K -Value of AC when ADJ, 1 0,
INTC m L deg.

Figure 261.

AK INTF - Incremental change in KINTC due to inter-

ference effect of the fuselage for high
wing aircraft, Figure 262.

deg. j
t d

SREF - Store reference area, ,ft2

d - Store diameter, ft.IJ
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A numerical example is presented in Subsection 3.42'.l which

I' illtustrates the use of' the above equation.
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3.h.2.h Intercept Mach Number Correction

The procedure for calculating the Mach number correotion

for incremental pitching moment intercept per degree S is the same

as that presented in Subsection 3.2.2?.2 for incremental yaw.ing moment

slope Mach number correction.

The incremental pitching moment intercept per degree S

variation with Mach number has been fitted by a series of linear

segments witb break points occurring at Mach numbers defined by

M0 , Ml' M2 ' M3, and MI, as in Figure 263.

0.5 M0  M1  M2  M3  M

E:ach N umber
Figure 263. Incremental Pitching Moment Intercept Due to Yaw -

Generalized Mach Number Variation

The variation of the Mach break points is presented in
. !CLOCAL

Figure264 as a function of - . M O is the Mach number where the
A2  0

incremental intercept initially deviates from the value predicted

at M = 0.5. Equations to predict the incremental changes at the

remaining Mach break points from the initial value at M = 0.5 are

presented below.

Break 1 ( 1 :

A2 K + 6K J +
q9c= SLO 3. S LOP INTF L 1 IT1S1

IS d+ a.INTCINTF sREFd
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where:

KSLOPE - Variation of incremental CM =0 per degree

as with L in. - deg.' Figure 265.

&KSLOPE IhTFI Incremental change in K SLOPE1 due to

interference effect of the fuselage for a
high wing aircraft, in. deg.' Figure 266.

Defined in Subsection 3.4.2.1.L

KINC Value of ACm 0 when 0DLPP , d-~.

1s1

Figure 267.

AKTCIT - Incremental change in K due to inter-

ference effect of the fuselage for high

wing aircraft, d-. Figure 268.

deg.'

d2

5 EF - Store reference area, -, ft2 .

d - Store diameter, ft.

Break 2 (M2):2
.2/ - ' '.

A (1La\(KSLOPE + KSLOPE '\ I.PP + KINTCq/ctu 2 INTF 2  L2

2
+ AKI TCI SREFd
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where:

KSLOPE - Variation of incremental Cm =02 per degree

wihADJ. PPAI ,iue29

S Lit di... eg.,iue29

AKsLoP - Incremental change in KSLOPE2 due to inter-

ference effect of the fuselage for a high

wing aircraft, I ' Figure 270.

ADJ.PPA - Defined in Section 3.4.2.1.
L

K 1IC - Value of AC when L , 1

Figure 271. 0S2

AINTINTF - Incremental change in KITC due to inter-

12 ference effect of the fuselage for high

wing aircraft, 1' , Figure 272.
deg.'

Break 3 (M3):

-O ((cL0PE + AKSL0PEI +INTC

,S3 
3

+ AKINTC INTF ASREFd

3

where:

K Variation of incremental Cm per degree

33
ADJ.PPA 1 Figure 2 7 3 .
30L in. - deg.F

309



AKSLOPETF - Incremental change in KSLOPE 3 due to

interference effect of the fuselage for

a high wing aircraft, in. - deg.' Figure 274.

ADJ.PPA - Defined in Subsection 3.4.2.1.
L

KINTC - Value of AC whenADJePPA = ,g
3 Figure 275. 3

K INTCINTF 3  - Incremental change in KINTC 3 due to inter-

ference effect of the fuselage for high

wing aircraft, -, Figure 276.

Break 4 (Mi):

t12(PM~aO [K+A )(AJU*jPPA) + KIT
Sqc0 8  4 SLOPE 4 SLOPE INTF 4  INTC4

INTCINTF 4SREF

4here:

KSLOPE - Variation of incremental Cm 0=. per degree

with ADJ.P 1 a 277
w L ' in. -deg.' Fgure .

AKsLoPEIF - Incremental change in KSLOPE due to inter-

ference effect of the fuselage for a high

wing aircraft, in. deg. Figure278 .

AD.PPADefined in Subsection 3.4.2.1.
L
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- Value of AC when ADJ-PPA 0

KINTCh 4ir2 m L deg

Figure 279. S4

AKINTCINTF4  - Incremental change in KINTC 4 due to inter-

ference effect of the fuselage for high
1

wing aircraft, y-# Figure 280.

To compute A|---|@_0\q !  at M = x, first determine from Figure 264

between which Mach break point M = x occurs. Let MLuW be the lower

Mach break and M be the higher Mach break. Compute"A O- at

M = x from the following expression. S

+ 62 PM + c MLOW

\qci -)owM-x -. 5 5Mow

OSMI SMLowI iI

1\ If x < Mop then A a=0 Bs at M = x is equal to the value

If xA 0  \/t
of A )o at M = 0.5 (the initial term of the above equation from

Subsection 3.4.2.3).

If x > M = 1.6 then, Aoat M x is equal to the
PM08 s

value of at M = 1.6.

A numerical example of the above equation is contained in

Subsection 3.2.2.2.
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3.4.3 Increment - Adjacent Store Interference
The discussion of pitching moment slope and intercept

increments due to adjacent store interference is similar to that
of side force found in Subsection 3.1.3.

3.4.3.1 Slope Prediction

The equation to predict incremental pitching moment
slope, A(2-),for M - 0.5 is given below

INTF

LOE( dINTF(XINTF + 0

\(I9 NTF SLOPE d'INTFSEFd
where: K_ K /ADJ.PPA KKSLOPE I SLOP 4L) +INTC2

and additionally

SLOPE2 - Variation of K with ADJ.PPA
2 1SLOPE 1,L

-- , Figure 281.
in. - deg.

ADJ.PPA
- -Defined in Subsection 3.3.2.2., in.

K -Value of K when 0,2L deg.'
Figure 282

:'d NFxIU + 200

TF ITF -  - Defined in Section 3.1-3.

SRE F -Store reference area, -.d4--, ft2 .

A numerical example illustrating the use of the above
equation is found in Subsection 3.1.3.1.
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3.4 .3.? Slope Mach Number Correction

To compute the variation in incremental pitching moment

slope, A(Z),, between M = 0.5 and M = 2.0, use the following

expression. INTF

A(~)A + A'(")
INTFM=x INTFM. 5  INTFM

M=0-5M=x
where:

A(2-qi),f - Incremental pitching moment slope at M 0.5.

INTFM=o.5

2 .M- Incremental change with Mach number from

INTFM=x the incremental pitching moment slope

value at M = 0.5.

A generalized curve illustrating the incremental pitching

moment slope variation with Mach number is given by Figure 283.

INTTF!~- I-- . . .

0.5 M0  M1  M2 M 3

Mach Number

Figure 283. Incremental Pitching Moment Slope Due to Interference -
Generalized Mach Number Variation

The incremental slope variation with Mach number has been

approximated by a series of linear segments with break poi i.s

occurring at Mach numbers defined by MO, 0 1, 142, and M3. The
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variation of the Mach break points is presented in Figure 284 as a

CLOCAL
function of . M is the Mach number where the incremental

func4 K M0isteMc ubiKA2

slope initially deviates from the value predicted at M = 0.5.

Equations to predict the incremental changes at the remaining

Mach break points are presented below.

Break 1 (M1 ):

L2(Pa K IINTF(x IITF + 200

qTNTF LOP 1 dy IIITFRE

wher, :
KK (ADJ.PPA +KKSLOPE =SLOPE(\, i ") KITC2

and additionally, ADJ. PPA
K - Variation of K with LSLOPE 2S-LOP E L

1 ,Figure 285.
in. - deg.

ADJ •PPA_L Defined in Subsection 3.3.2.2, in.
L

KITC -Value of KSLOPEI when DJPA= 0,

; 1

deg.' Figure 286.

i ~~dITXIT + 200)
.INTF(xIN .F Defined in Subsection 3.1.3.

dYINTF

SRE F - Store reference area,-, ft

Break 2 (11):
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A2 K dINTF(XINTF + 200) d

INT F2

where:

KSLOPE 3  KSLOPE( ) KINTC4

and additionally,
K P - Variation of Ks Ewith ADJPPA
SLOPE SLPE L ' in. - deg.'

Figure 287.

ADJ.PPA - Defined in Subsection 3.3.2.2, in.
L

ADJ . PPA

K -Value ofK when 0,INTC4 SLOPE3 L
1-g., Figure 288.

dINTF(XINTF + 200
d- Defined in Subsection 3.1.3.
"YINTF

Break 3 (M 3 ):
43

A 2 PMKcc = E (d IIF(xiN~r + 200)S
N NTF d 'yINTF REF

where:
/ADJ.PPA + KINTC-,KSLOPE 

5  aSLOPE 6 C

and additionally,

K - Variation of K with ADJ.PPA
SLOPE6  SLOPE5 L

in. - deg.' Figure 289,

ADJ.PPA _ Defined in Subsection 3.3.2.2, in.
L

KINTC - Value of K when ADJPPAL 0
INTC 6 SLOPE 5 Lde.Figure 290.
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d11TF X-INTF 20 ef0ed in Suhee L ion 3.1.3.
d'yINTF

To compute A(I at M = x, first determine from Figure 284Iq)aINTF
between which Mach number break points M = x occurs. Let MLOW

be the lower Mach break and 14i be the higher Mach break. Then

compute A at M = x from the following equation.
iNTF

4= x M"0LOWLO
INTF M= xNTF M  HI "LO

%il LOW

If x > 1.6, then A P at M = x equals the value given

at M = 1.6. INTF

if x 1 M., then A(") at 14 = x eauals the value obtained-q a INTF
in Subsection 3.4.3.1 (the initial term of the above equation).

A numeri,:al example illustrating the use of the above

equation is foiind in Subsection 3.2.2.2.
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3.II.3*3 Intercept Prediction

The equation to predict increnental pitching momen;

intercept, = for = 0.5 is given below.
q INTF

d INF'T + 200
q SLOPE1\ I ITF a) REFd

\INTF SLP1 d~IITF

where:
K K ADJ.PPA)

SLOPE SLOPE\ L I INTC
12 2

and additionally,

K -Variation of K with ADJ.PPA 1

SLOPE 2 Fgr29. SLOPE wit L i.
Figure 291.

ADJ. PPA =Defined in Subsection 3.3.2.2, in.
L

SINTC -Value of KSLOPE, when L = 0, Figure 292.

20

I-NTF(XINTF +  Defined Subsection 3.1.3.
d. YINTF

S3 ' iTd2  2

.REF - Store reference area, 7-, ft
2.

A numerical example illustrating the use of the above

equation is found in Subsection 3.1.3.1.
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3.4.3.h Intercept Mach Number Correction

The procedure to compute the incremental pitching

moment intercept between M a 0.5 and M = 2.0 is similar to that

of incremental slope as found in Subsection 3.4 .3.2.

A generalized curve depicting the incremental pitching

moment intercept variation with Mach number is given by Figure 293.

(Pff 2(PM)Qj.0 2(P~q)C=

q _ INTF2 INTF3

INTFF

INTF
I I

0.5 M0  M1  12 M3

Mach Number

Figure 293. Incremental Pitching Moment Intercept Due to Interference -
Generalized Mach Number Variation

The incremental intercept variation with Mach number has

been approximated by a series of linear segments with break points

occurring at Mach numbers defined by M0 MI , M2 , and M3. The

variation of the Mach break points is presented in Figure 294

as a function of K M0 is the Mach number where the incremental
A2

intercept initially deviates from the value predicted at M = 0.5.

Equations to predict th6 incremental changes at the remaining

Maih break points are presented below.
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Break 1 ( ):

2 =INI'PF('INTF --- -)SI

q /)c~0 = SLOPE\ d-

where:
K K, I ANJ LP_ +KTC

KSLOPE 1  SLOE( + KT2

ADJ. PPA 2

'SLOPE2 - Variation of KSLOPE with - -in.'

2E L in.'

Figure 295.

ADJ.PPA -Defined in Subsection 3.3.2.2, in.
L

K - Value of KSLOPE when ADJ.PPA = 0, Figure 296.
INTC 2  1LP L

d .'~++200

dIUTI'---- T +" "- Defined in ..Xosection 3.1.3.
r.Y NTF

1Td
2

RE - Store reference area, ft

Break 2 (.4,);

A mldn (! 200S
.4=0/, KSLOPE)
TTtf 2 3 ITNTF

where:
,A1 IAJ.PPA\

SLOPE =SLOPE L ) INT
344

and additionally,

Variaeion of K with ADJ iA n

SLOPE, Figure 297

J - Defined in Subsection 3.3.2.2, in.
L
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whnARJ.PPA o , Figure 298.KINTC4 - Value of KSLOPE when

t dI~FXI~TF+ 200
d. .INTF - Defined in Subsection 3.1.3.
d° YlNTF

rrd2

-REF Store reference area, 4-, ft2 .

Break 3 (M3):

_ L (d IF(x 
hi F + 20

whreqITF 3  
SOE5 

INTF

whee ADJ.PPL +
KSLOPE = KSLOPE6  L KM C

and additionally, ADJ.PPA _

KSLOPE6 - Variation of KSLOPE5 with AL77PP in.'

Figure 299.

ADJ.PPA . Defined in Subsection 3.3.2.2, in.
L

• ADJ .PPA

K Value of KSLOPE when L P 0, Figure 300.
1 K'NTC6  5

d dl jFjlTF + 200

-. Defined.in Subsection 3.1.3.
* d.y INTF

S - Store reference area, i , ft2.BERE F

'o compute A at M = x, first determine from Figure 294
To compute A( occIfLTF et

between which Mach number bre p occurs4 Let tO W
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be the lover Mach break and MHI be the higher Mach break. Then

compute A(Dqk -0 at M = x from the following equation.

INTF

q q/= \M Ii MLOW
INTFM"x INTFMO5 INTFMLow

A2() 
- A2(P)c I

q TMHI I M LOW

If x > 1.6, then at M x equals the value

given at M = 1.6. IF

If x • M0 , then A(PM) _at M = x equals the value
q /-INTF

obtained inSubsection 3.4.3.3 (the initial term of the above equation).

A numerical example illustrating the use of the above

equation is found in Subsection 3.2.2.2.
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AXIAL. FoiiCh

.5.1 i a.'ie A rluad

.. 5.I I . lope 'Prediction

The variaLion of captive store axial force with angle of

attack is given by the following relationship.

I( AF + A__A AF
q Ct(:iS)REF A- REF REF

I11ST INTF

where:

r- aiation of axial force slope due to the
"R F basic installation on a wing pylon, ---- 'Fgure301.

INST deg.

INST

(AF)
A/- - Increment to %"he basic installation axiul

T) force slope due to spanwise position of the

installed store . Figure., 302 and 303.

A ) I - Increment I/i the basic installation axial

cc E force sloje due to the intirference -'fect
of the fuselage for high-wing aircraft, d1g.'

Figure 301.

REF lid 2  2

S - Store refeience area, -T-, ft

Calculate the axial force variation with angle of attack,

for a 300-gallon tank on the A-'( center pylon at 14 = 0.5.

Required for Computation:

M = 0.5

n = .418

= .270

f
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3.5.1.2 Intercept Prediction

The axial force intercept, 0 ' is given by the following

relationship.
AF AF Al"All + K +K

-a=O kqS RE F  0(=O + qS REF ] (=0  n INTF)SREF

ISO INTF

where :
whr: AF) - Zero angle of attack axial force for the iso-

AFAF ncrlated store as obtained by the method ofISO

Subsection 2.2.1.

A IAF hIncrement to C as a function of wing

shdoe str are sth trepa

\qREF a=O O

INTF shadowed store area, Figure 305. Wing

shadowed store area is the store plan

projected area aft of the wing leading edge.

K - Store spanwise position correction factor,

Figures 306 and 307.

K INTF - Correction factor accounting for the inter-

ference effect of the fuselage for high-wing

aircraft, Figure 308.

V Example:

Calculate the axial force intercept, for a 300-

gallon tank on the A-7 center pylon at M = 0.5.

Required for Computation:

n : .418
= .270

Shadowed Area = 2h.4 ft2 .

I AF =.064 from Subsection 2.2.1.

a=a
ISO

17i 3I

.4 -. , =0.,* ,~'~v- - I'



= .098 - Figure 305\qRFac=O

IIITF

K = .050 - Figure 306

KTF = 0 -Figure 308

;ubst itdt ing,

(AF (.064 + .o98)(l + .05 + 0) 3,83 = .651 ft 2

1 =O148
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3.5.2 Increment - Aircraft Yaw

The discussion of incremental changes in axial force due to

aircraft yaw is analogous to the discussion of side force as found

in Subsection 3.1.2.

3.5.2.1 Slope Prediction

The eque-tior: to predict incremental axial force slope per

degree S A(A , is given below.

q/s KSLOPE REF

where:

K SLOPE- Variation of incremental CA per degree 8

11
with S 1e

REF' d Figure 309.

S 'id 2

SREF - Store reference area, -7-, ft2.

/AF \

Example: C.culate A(A) for a 300-gallon tank on the A-7 center

pylon at M = 0.9 and S = h.

Roquired for Computation:

S 3.83 ft 2 .
iREF

M 0.9
; as  40°

KS = .00038 -. Figure 309, + a

i1

:I

3;63

IN I



AOL) = (.ooo38)3.63
a6S ft 2

= .0o011 5

and using the equation of gusction 3.5.2

A-

= (. oo21s)h

- .0058 t-deg°

F

t*1 i5

I.
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3. .- .2 Intercept :redictior-

'The equatiocn to predict incrementELI exial force intercept

p r degree 3., A(Af .0 , is given below.

\ q 0=0 SLOPE1  REF
S1

wheee:

K- Variation of incremental C per degree
~SLOPE Ac 0

with E Figure 310.'REF' deg.

"d ' 2
SREF - Store reference area, -- ft .

A numerical example illustrating the use of the preceding

equation i found in Subsect.m.n 3.5-

1

I

II
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3.5.3 Increment - Adjacen'. Stcre lnterference

The discussion of ireztal axial force intercept is

similar to that of side force found in. Subsection 3.1.3.

3.5.3.1 Slo e Prediction

The incremental effect lue to adjacent store interference on

axial force slope is negligible; therefore, no prediction is included

in this subsection.

3.5.3.2 Intercept Prediction

The equation to predict incremental axial force intercept,

is given below.
1NTF

S( = + 'L ) SREFYINTFdINTFLIh7F + K

qET SLOPE SLOPE Led f~

+ AKINTC + AKINTC REP

where:

KSLOE - Variation of incremental CA  with

SREFYINTF'INTFLINTF 1
Ld in. - Figure 311

AKSLOPE ~ Incremental change in KSLOPE due to spanwise
n1

position, 1 Figure 312.

:1 ird2  f 2
- - Store reference area, T7 ft

INTF ~Store separation distance, in., defined inYNTSubsection 
3.-.3

dINTF - Effective diameter ol the interfering store,

ft., defined in Subsection 3.1.3.
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LINT - Length of interfering store installation, in.,

fo r siugle stores equal to tile physical ienigth and

for multiple stores equal to the (Itstance from

the nose of the forward store to the tail of

the aft store.

d - Subject store diameter, ft.

L - Subject store length, in.

whnSRFYNFdINTFLINT'F =0

K - Value of AC when F d F 0,
INTa= Ld

Figure 313.

AK - Incremental change in KINTC due to spanwise

store position, Figure 314.1

AK INTC-iT F  Incremental change in K INTC1 due to store

body - fin interference, presented as a
![function of FIN PPA ,Fiue35BODY PPA Figure 315.

Example: Calculate A for a 300-gallon tank on A-7 cen-er: \ q /a=UINTF
pylon with an M117 on the inboard pylon at M=0.5.

Required for Computation:

SREF = 3.83 ft 2 .

d = 2.2 ft.

L = 226 in.

dINTF = 1.33 ft.

INTFLINTF : 87. in.

= 14.7 in.
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S= .418
PLAN PROJECTED FIN AR, =h48 int .

PLAN PROJECTED BODY AREA =4h56o in 2 .

KSLOPE = -.0011, Figure 311

AKSLOPE =oi4l, Figure 312

KINTC .021 Figure 313

AKINTC = -.007, Figure 314
n

LKIIrC INTF = 0.0 Figure 315

substituting,

A AF = (-.OOll + .0014) 3.83(i4.7)(1,33)(87) + .021

((-.0011 = ooh 2.2(226)
INrF - .007 + .013.83 = .069 ft2.

36o
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3.6 ROLLING MOMENT

3.6.1 Basic Airload

Captive store rolling moment has been found to be pri-

marily a function of store fin area and location with respect

to the store roll axis. Scores with large fins experience large

installed rolling moments while those stores without fins ex-

perience very small (approximately zero) captive rolling moments.

The effect of store fin location wixth respect to the store roll

axis has been classified into two categories - symmetric and

unsymmetric. Examples of these classifications are illustrated

in Figure 316.

SYI4VRIC

H ~ ~~~UNSYO4ETRIC 66Q-9
Figure 316. Symmetric and Unsymmetric Store Fin Configurations

3.6.1.1 Slope Prediction

The variation of rolling moment with angle of attack is

given by the equation below.

= (K + AK )(FIN AREA)K
~qi SLOPE 1  SLOPE INTF A1

where:

SK SLOPE - Variation of rolling moment slope with fin
1 ft.

area, d-dg.' Curves are shown for stores

with symmetric and unsymmetric fins, Figure 317.

AKSLOPEIN F  incremental change in KSLOPE due to the inter-

ference effect of the fuselage for high wing

aircraft, f. Figure 318.

365

~1

.*-*.I



FIN AREA - Tota. planform rea of .ll store fins, ft2 .

sin A
KA - Aircraf-t wing sweep correction factor,

where A is the aircraft wing quarter-chord

sweep angle in degrees.

Example:

Calculate ( ) for 300-gallon tank on A-7 center pylon at
14 =0.5.

Required for Computation:

FIN AREA = 6.07 ft2 .

= .270

K sin 5 
°  1

KSLOPE -.013 Figure 317 (symmetric)

LI,_ = 0.0 - Figure 318
' 3LPEI~

= (-.013 + o.o)(6.07)(.811) = -. o64 ft3 '
\qla deg.

3
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3.6.1.2 Intercept Prediction

The equation below gives the value of rolling moment at

zero angle of attack.
( f-)Ct=O K (FIN AREA )Knq = KSLOPE1

where: KSLOPE1- Variation of rolling moment intercept with fin

area, ft., Figures 319 to 322.

FIN AREA - Total planform area of all store fins, ft2 .

K - Store spanwise location correction factor, Figure 323.

Example:

Calculate (_) for 300-gallon tank on A-7 center pylon
a=0

at M = 0.5.

Required for Computation:

FIN AREA = 6.07 ft2.

= .418

CLOCA = 127 in.

KOP .05 - Figure 319SLOPE1

K = .99 - Figure 323

(f)a=0 = (.05)(6.07)(.99)= .300 ft3.
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''irM, IT .. OTE: Use linear interpolation where required,
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3.6.2 Increment - Aircraft Yaw

The discussion of incremental rolling moment intercept

is similar to that of side force found in Subsection 3.1.2

3.6.2.1 Slope Prediction

The incremental effect due to adjacent store interference

on rolling moment slope is negligible, therefore, no prediction is

included in this section.

3.6.2.2 Intercept Prediction

The equation for predicting the incremental rolling

moment intercept per degree is given below.V , , s gvnblw

KINTFKSLOPE (FIN AREA)KA1

where:

KINF - Correction factor due to interference effect of

the fuselage for high wing aircraft, Figure 325.

K SLOPE - Variation of incremental rolling moment intercept

per degree $ with FIN AREA, f- ' Figure 32h.

FIN AREA - Total store fin area, f0

Ksin A
SA1  sin 450' Aircraft wing sweep correction factor

where A is the quarter-chord sweep angle for the

• subject wing.

Example: Calculate A for a 300-gallon tank on A-7 center pylon

at M = 0.7 and 0S = 4

Required for Computation:

n' .27
K A. = 811

FIN AREA =- 6.07 x% 2
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K, = -. 0172 !. r~ ~ +
~LOPE 1

=1.0 -l~r

=(I.-.0172)(6-07)(.811)

df~g.Land asLrng the equaltion of SuLotv-tiox 3.6.2

q

= 7
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3.6.3 Increment - Adjacent Store Interference

The discussion of incremental rolling moment intercept

is similar to that of side force found in Subsection 3.1.3.

3.6.3.1 Slope Prediction

The incremental effect due to adjacent store interference

on rolling moment slope is negligible; therefore, no prediction is

included in this section.

3.6.3.2 Intercept Prediction

The equation used to predict incremental rolling moment

intercept is presented below.

J+( M K + AKsLO SL + AA)FIN AREA

where:

KSLOPE - Variation of incremental rolling moment

intercept vith FIN AREA, ft., Figure 326.

AKsLOPE - Incremental change in KSLOPE due to
changes in diameter of subject store,

ft., Figure 327.

AKsLoPE - Incremental change in KSLOPE due to store

spanwise position, ft., Figure 328.

AKsLOPEo - Incremental change in KSLOPE with local
CC chord length, ft., Figure 329.

FIN AREA - Total store fin area, ft2.

Example: Calculate A(M, for 300-gallon tank on A-7 center pylonq /INTF
* with an M[L17 on the inboard pklon and 1 = 0.5

379



Required for Computation:

d = 2.2 ft.

FIN AREA = 6.07 ft.
n = •.418

CLOCAL = 127.6 in.

K = 811

KLP .015 Figure 326

AK SLO1 = 0.0 Figure 327

AKSLOPE = .006 Figure 328

13

AKSLOPEC 0.0 Figure 329

SLOCA

substituting,

A( ,_ (015 + 0.0 + .006 + .) 6.07
'= .127 ft'.

16
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